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FINNISH-SOVIET INTERCALIBRATION OF BIOLOGICAL PARAMETERS USED FOR 
MONITORING THE CONDITIONS OF THE GULF OF FINLAND 
Arvi Järvekülg¹, Erich Kukk2, Julius Lassig3, Terttu Melvasalo4, 
Ake Niemi5 and Astrid Saava6  
Abstract 
A joint Finnish-Soviet sampling exercise for biological paramaters 
was arranged in 1978 in the Gulf of Finland. The results of the phy-
toplankton counting methods were not comparable between the countries 
due to different counting and preservation methods and to different 
concepts in species determination. The differences between the three 
Finnish laboratories were relatively small, as were also the diffe-
rences between two of the three Soviet laboratories. The chlorophyll 
a results showed that the precision of measurements was good in all 
the laboratories. The results were of the same order of magnitude, 
but one laboratory obtainet distincly higher values than the other 
two. The comparison of the sieving technicues for macrozoobenthos 
showed that the comparability of results obtained from samples sieved 
through l mm sieves was poor. However, when additional 0,5 mm sieves 
were used the comparability was very good for the amphipods Pontoporeia  
femorata and P. affinis, which made up about 95 % of the total macro-
fauna abundance. The results of the wet weight determinations differed 
considerably. 
In the determination of the number of viable mesophilic aerobic 
bacteria, there were considerable differences between the laboratories 
in the results obtained after two weeks incubation. The spread plate 
method gave higher colony counts than the pour plate method. Higher 
counts were also obtained when NaCl or sea-salt were added to the media 
and the dilution water. 
The results of the counts of coli bacteria and enterococci were not 
directly comparable between the laboratories due to the use of different 
methods, membrane filters and media. 
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1. 	GENERAL INFORMATION 
A joint Finnish-Soviet sampling exercise for biological parameters 
used for monitoring the conditions of the Gulf of Finland was arranged 
on 14-18 August 1978 on board the Finnish research vessel Aranda. 
The intercalibration was carried out within the framework of the bi-
lateral co-operation started in 1968 between Finland and the Soviet 
Union in order to promote the study of pollution in the Gulf of Fin-
land. The intercalibration was conducted by the Biological Section of 
the Working Group on the Protection of the Gulf of Finland. 
The main objective of the intercalibration exercise was to compare 
methods used for studying the trophic status of the Gulf of Finland. 
The parameters considered were as follows: phytoplankton (species 
composition, number of counting units, biomass), chlorophyll a, soft-
bottom macrozoobenthos (species composition, abundance, biomass), and 
bacteria (mesophilic aerobic bacteria, coliforms and enterococci). 
Three Finnish and four Soviet laboratories took part in the inter-
calibration study and analyzed the parameters as follows: 
phyto- chloro- macrozoo- mesophilic coliform entero- 
plankton phyll a 	benthos 	aerobic 	bacteria 	cocci bacteria 
Institute of Marine 
Research (IMR), Helsinki 
Institute of Zoology 
and Botany (IZB), Tartu 
Tallinn Polytechnical 
Institute, Research 
Laboratory of Sanitary 	 x 	x 	x 
Engineering (TPI), 
Tallinn 
National Board cf 
Waters (NBW), Helsinki 
Helsinki City Water 
Laboratory (WL), Helsinki 
State Oceanographic 
Institute (SOI); Moscow 
Hydrometeorological 
Service (HS), Tallinn 
x 	x 	x 	x 	x 
x x 
.x 	x 
x 	x 	x 
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Sampling sites and hydrography  
Sampling was carried out at three different localities as follows: 
Station LL 9 	(59°41'N 24°00'E) phytoplankton, chlorophyll a 
Station Tvärminne 
(Storfjärden) 
Station Ekenäs/ 
Tammisaari 
(Stadsfjärden) 
(59°51'N 23°16'E) 
(59°58'N 23°25,5-E) 
(59°57'N 23°27,2'E) 
phytoplankton, chlorophyll a, 
macrozoobenthos, mesophilic 
aerobic bacteria, coliforms 
and enterrococci 
chlorophyll a,mesophilic 
aerobic bacteria, coliforms 
and enterrococci 
microbiological parameters 
only 
The stations (Fig. 1) were chosen to represent both the open parts 
of the Gulf of Finland (LL 9) and inshore areas (Tvärminne and 
Eke-näs/Tammisaari). The work was carried out in good weather condition. 
As hydrographic data were not necessary for any step of the inter-
calibration exercise, no hydrographic measurements were made. In order 
to characterize the hydrographic conditions in the sampling areas, 
basic data obtained for LL 9 on 23 August (IMR) and for Tvärminne on 
11 August (IMR) are given in Fig. 2. 
At LL 9 the mixed surface layer was well delimitid by a coinciding 
thermocline and surface halocline between 10 and 20 m. The increasing 
temperature at a depth of 50-60 m and the rise of salinity in that 
depth region indicate the position of the permanent halocline. 
At Tvärminne Storfjärd the whole water column consisted of Baltic 
surface water, the surface salinity being ca. 0.5 %o higher than at 
station LL 9 in the middle of the Gulf of Finland. 
2. 	RESUME OF RESULTS 
Phytoplankton 
The differences between the three Finnish laboratories were relatively 
small, as were also the differences between two of the Soviet labora- 
tories. The results of the third Soviet laboratory were 
with the results of the other two. This was due to the 
samples of the third laboratory were stored many months 
counting than at the two other laboratories. During the 
essential part of the nanoplankton was destroyed. 
not comparable 
fact that the 
longer before 
storage an 
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Fig. 1. The sampling sites. 
Fig. 2. Hydrographic condition at stations LL 9 and Tvärminne 
Storfjärd in August 1978. 
The chlorophyll a 
ments 
ments 
was good in 
were well 
the results were 
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Between the Finnish and Soviet laboratories significant differences 
were found in the results. The lack of comparability was probably due 
to the different counting and preservation methods and to the use of 
different concepts in species determination. 
The simplified counting method recommended in the Guidelines for 
the Baltic Monitoring Programme (Interim Baltic Marine Environment 
Protection Commission 1978: Draft Guidelines for the Baltic Monitoring 
Programme for the First Stage, Helsinki.) was tested on the same ma
terial by the Finnish laboratories. The results did not show any 
notable difference between this method and the methods used in routine 
work in two of the three laboratories. 
Clorophyll a 
results showed that the precision of the measure-
all the laboratories and that the measuring instru-
calibrated. Although of the same order of magnitude, 
comparable only at concentrations of 1-4 mg/m3, and 
the differences found show the need for further unification of the 
procedures. 
Macrozoobenthos 
The influence of differing sieving techniques and sampling gear on, 
the results of macrofauna investigations was examined. In addition, 
a comparison of wet weight determinations was made. 
The study of the sieving techniques showed that the comparability 
of the results obtained for samples sieved through 1 mm sieves was 
poor. It is concluded that the chief reasons for this were differ-
ences in the cleaning of the sieve during the sieving procedure, and 
the size of the sieving area. However, when additional finer sieves 
(0.5 mm) were used, the comparability was very good for the amphipods 
Pontoporeia femorata and P. affinis, which together made up about 95 
% of the total macrafauna abundance of the 'investigated community. 
The comparison of wet weight determinations showed significant 
differences and confirmed that biomass estimates based on wet weight 
are generally difficult to compare. 
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Viable aerobic mesophilic bacteria 
The colony counts obtained after 2 days differed relatively little 
between the three laboratories, but the counts obtained after 2 weeks 
and the increases in the number of colonies during 12 days differed 
considerably. This was due to the use of different counting methods 
and media. The spreat plate counts were higher than the corresponding 
pour plate counts. The laboratories that added NaCl or sea-salt to 
both the nutrient agar and the dilution water obtained higher counts 
than the laboratory that did not add there substances. 
Sanitary-indicator bacteria 
The results of the coli bacteria and enterococci count were not 
directly comparable between the two countries. The Finnish laboratory 
counted the coliforms, whereas the Soviet laboratory counted oxidase 
-negative and lactose-positive coli bacteria. The numbers of oxidase 
-negative coli bacteria were higher and the numbers of lactose-posi-
tive coli bacteria were lower than the numbers of coliforms. The dif-
ferences in the results of the coli bacteria and enterococci counts 
between the laboratories were mainly caused by the use of different 
membrane filters and media. 
3. 	RECOMMENDATIONS 
Phytoplankton 
The results of the phytoplankton intercalibration study indicate that 
work should be continued on the unification of the phytoplankton 
methods. There is a need for all the laboratories to compare and evalu-
ate their counting methods. Intercalibration of the species concept is 
another essential step in the work of unifying the phytoplankton 
methods. 
Chlorophyll a 
It is recommended that all the laboratories carrying out routine work 
on chlorophyll a in the Gulf of Finland follow the methods included 
in the Guidelines for the Baltic Monitoring Programme ( Baltic Marine 
Environment Protection Commission 1980: Guidelines for the Baltic 
Monitoring Programme for the First Stage, Helsinki). These methods 
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are mainly based on the recommendations of the Baltic Marine Biol-
ogists. The recommendations for the Baltic Monitoring Programme and 
those of the Baltic Marine Biologists are almost identical with 
regard to chlorophyll a and have both been issued subsequent to the 
Finnish-Soviet intercalibration exercise in 1978. 
Macrozoobenthos 
The results of this and other intercalibrations studies show that 
further efforts should be made to unify the construction of the grabs 
used in the Baltic Sea Area, that recommendations for a uniform sieving 
procedure should be issued, that only species retained at some stage 
of their development on a clean 1 mm sieve should be included in the 
quantitative calculations for the benthic macrofauna, and finally 
that dry weight should be introduced as an obligatory biomass parameter. 
Viable aerobic mesophilic bacteria 
The results of the intercalibration exercise indicate the necessity 
to continue the coordination and unification of the marine microbiologi-
cal methods. There is a need for all laboratories to compare and evalu-
ate their counting methods and media. 
Sanitary-indicator bacteria 
It is recommended that the intercalibration of the sanitary-indicator 
bacteria analyses be continued. In future intercalibration a comparison 
should be made of the membrane filters and media, and after that the 
counting methods should be compared and evaluated. 
Intensive efforts should be made to study the various sampling and 
storage procedures presently used by the marine microbiologists, in 
order to recommend the best ones for the joint studies in the Gulf of 
Finland. 
4. PHYTOPLANKTON 
S.P. Barinova¹, M. Forsskåhl2, E. Kukk3, L. Melnikova4, T. Melvasalo5, 
Å. Niemi6, K. Piirsoo7 and H. Viljamaa8  
Abstract 
The results of the phytoplankton counts, were not comparable between 
the countries due to different counting and preservation methods and 
to different concepts in species determination. The differences 
between the three Finnish Laboratories were relatively small, as were 
also the differences between two of the three Soviet laboratories. 
4.1 Introduction 
The Baltic Sea Monitoring Programme (BMP) of the Interim 
Commission, started in 1979, included phytoplankton analysis. A joint 
monitoring programme demands a uniform method of analysis or at least 
comparable results. As no intercalibration had been done earlier 
between the laboratories in Finland and the USSR working on the 
phytoplankton of the Gulf of Finland been done. A comparative study 
was carried out as part of the biological intercalibration study in 
1978. The aim was to compare the methods used in the laboratories and 
also the method presented at the meeting of the STWG/BMP ad hoc group 
for biological methods (Warsaw, May 1978). 
1 State Oceanographic Institute, Moscow 
2 Institute of Marine Research, Helsinki 
3 Tartu State University, Tartu 
4 Hydrometeorological Service, Tallinn 
5 National Board of Waters, Helsinki 
6 University of Helsinki, Helsinki 
7 Institute of Zoology and Botany, Tartu 
8 Helsinki City Water Laboratory, Helsinki 
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The samples for the intercalibration study were counted in the 
following laboratories by the following persons: 
Finland: 
Institute of Marine Research, Helsinki (IMR), M. Forsskåhl 
National Board of Waters, Helsinki (NBW), L. Lepistö 
Helsinki City Water Laboratory, Helsinki (WL), M. Huttunen 
USSR: 
State Oceanographic Institute, Moscow (SOI), S.P. Barinova 
Hydrometeorological Service, Tallinn (HS), L. Melnikova 
Institute of Zoology and Botany, Tartu (IZB), K. Piirsoo 
4.2 Material and methods 
4.2.1 Sampling 
On board R/V Aranda about 150 1 water was collected in a big pail 
from 2 m depth with a pump: 
1) on August 15 at a coastal station (Tvärminne 59°50'N 23°16'E) 
2) on August 16 at an open-sea station (LL 9 59°50'N 24°00'E). 
The samples were continuously mixed by aeration when the subsamples 
were taken from the pail. 
The Finnish laboratories took ten subsamples for each laboratory 
in 250 cm3 dark glass, bottles. Lugol's solution with acetic acid 
(Willen 1962) was added immediately. 
The Soviet laboratories took ten subsamples for each laboratory 
in 1 1 nontoxic bottles and preserved the samples with 40 % formalin 
solution (50 cm3 for each subsample). 
In addition net samples (25 pm) were taken for qualitative 
studies. 
4.2.2 Counting 
In each laboratory, except IZB, the samples were counted within half 
a year. 
In Finland each laboratory used the Utermöhl technique (Utermöhl 
1958), but the counting procedure differed somewhat between the labo-
ratories: 
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IMR: The samples were counted using a phase-contrast microscope 
and two magnifications: 
- x 40 objective (560 x magnification) was used for all small species, 
which were counted in visual fields at uniform intervals along stripes 
chosen at random; at least 500 units were counted altogether 
- x 10 objective (140 x magnification) was used for all large species, 
which were counted on the entire chamber bottom. 
NBW: The samples were counted using a light-field microscope and two 
magnifications: 
- x 40 objective (800 x magnification) was used for all small species, 
which were counted along five parallel stripes (length 10 mm, breadth 
0.187 mm) in the centre of the cuvette 
- x 10 objective (200 x magnification) was used for all large species, 
which were counted on 1/8 of the chamber bottom. 
WL: The samples were counted using a phase-contrast microscope. 
- x 40 objective (625 x magnification) was used for all the species, 
which were counted in visual fields at uniform intervals along stripes 
chosen at random. At least 500 units were counted altogether. 
In addition the Finnish laboratories made a parallel count 
according to the method presented at the meeting of the STWG/BMP ad 
hoc group for biological methods, Warsaw 1978. 
This method was presented as a simplified counting method for the 
Baltic Monitoring Programme (BMP). By counting the total amount of 
6-9 dominant species at least 90 % of the total number of the units 
and of the total biomass is achieved. 
BMP: The samples were counted using a phase-contrast microscope and 
two magnifications: 
- x 40 objective (IMR 560 x; WL 625 x and NBW 800 x magnifications) 
was used for small species, which were counted in visual fields at 
uniform intervals along stripes chosen at random or parallel stripes 
(length 10 mm) in the centre of the cuvette. At least 500 units were 
counted altogether, 
- x 10 objective (IMR 140 x; WL 150 x and NBW 200 x magnifications) 
was used for large species, which were counted on half of the chamber 
bottom. 
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In the Soviet laboratories HS and SOI the following counting 
methods were used: The concentration was done by sedimentation. The 
settling time in 1 1 bottles was 3-4 days. After sedimentation the 
samples were concentrated in 10 ml bottles. For counting 0.05 cm3 of 
the sample was studied. The microscope Labowall -2 (C. Zeiss, DDR), 
ocular 16, objectives x 10 (x 160 magnification) and x 40 (140 magnific-
ation), was used. The samples were counted in three replicates. 
Calculations were made according to the following equation: 
n x v1  
N -  	where N = number of cells in 1 cm3  
v2 x w n = number of cells in the counting 
chamber 
v1 = volume of the sample 
v2 = volume of the chamber 
w = volume of sample before sedimen-
tation 
The samples were counted using a light microscope. The counting 
chamber Fuchs-Rosenthal was used (area of chamber 16 mm2, depth 0.2 mm, 
volume 3.2 mm3) (Overbeck 1962). The samples were counted using two 
magnifications: 600 x magnification was used for all small species and 
160 x magnification for all large species. 
The Soviet laboratory IZB at first made only qualitative analyses, 
but was able to count five samples from station LL 9 a year and a half 
after sampling. The samples were counted by two methods: 
1) The Utermöhl technique. The samples were counted using an inverted 
microscope (M6,1-13) and two magnifications: 
- 40 objective (600 x magnification) was used for all small species, 
which were counted in visual fields. 
- 10 objective (150 x magnification) was used for all large species, 
which were counted on the entire chamber bottom. 
2) The sedimentation technique using the Goryayev chamber (0.0009 cm3) 
(Kuzmin 1965). The samples were counted with an Ergval light 
microscope and one magnification (x 40 objective). 
4.2.3 Biomass determination 
In the Finnish laboratories the biomass calculations were made using 
different lists of mean volumes: IMR (list unpublished), NBW 
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(Naulapää 1972, Melvasalo et al. 1973), WL (Melvasalo et al. 1973 
with some amendments). 
In the Soviet laboratories the biomass calculations were made as 
follows: HS: according to the stereometrical shapes presented at the 
meeting of the STWG/BMP ad hoc group on biological methods, Warsaw 
1978. 
SOI: using the stereometrical shapes best corresponding with the 
shapes of the species concerned. 
IZB: using the lists of mean volumes of Naulapää (1972) and Melvasalo 
et al. (1973). 
4.2.4 Statistical treatment 
Calculations were made on the total number of counting units, on some 
species and on the total biomass. The following calculations were 
made: 
arithmetical mean x 
standard deviation SD 
coefficient of variation CV % 
Significance tests were performed according to the analysis of 
variance (ln transformation) and in some cases with the t- or the 
F-test. 
4.3 Results and discussion 
4.3.1 General remarks on the samples 
A both stations the phytoplankton consisted mainly of flagellate 
species (particularly Cryptomonas sp. and colourless flagellates), 
which are difficult to recognize and consequently to count. 
A minor part consisted of blue-green algae (Aphanizomenon flos-
aquae, Nodularia spumigena), green algae (0ocyStis sp.,Pyramimonas sp.) 
and dinoflagellates (Dinophysis acuminate). The proportion of blue-
green algae and cryptomonads was greater at station LL 9 than at 
Tvärminne. 
The total number of counting units was lower at the open-sea 
station LL 9 (mean of units of all participating laboratories 
x X1,0 x 106/dm3) than at the coastal station Tvärminne (x 5,1 x 
106/d.m3). However, the total biomass was almost the same, ca. 1 mg/dm3, 
at the two stations (Table 1). 
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Table 1. Analysis of phytoplankton. Results of subsamples of each 
laboratory, method and country and of the total sample. 
Means and their coefficients of variation (CV %) and 
percentages of the 	total mean. 
Station Labo- 
ratory 
Met- 
hod 
No. of 
sub- 
samples 
Total No, of units Biomass 
mean 106/3 CV % 
% 
total 
mean 	CV 
mg/dm' % 
% 
total 
1 2 3 4 5 6 7 8 9 10 
Coastal IMR 1 10 3.04 11 60 0.90 14 105 
station BMP 10 2.70 14 53 0.78 14 92 
TVÄRMINNE NBW 1 10 3.86 15 76 1.31 8.1 154 
BMP 10 3.51 17 69 0.94 16 110 
WL 1 10 3.36 12 66 1.59 17 187 
BMP 10 2.94 14 58 1.49 32 175 
FIN- 
LAND 1 30 3.42 16 67 1.27 27 149 
BMP 30 3.05 19 60 1.07 39 126 
SOI 1 10 8.00 9.3 157 0.24 33 28 
HS 1 10 7.17 10 141 0.23 23 27 
USSR 1 20 7.59 11 149 0.24 28 28 
TOTAL 1 50 5.08 43 0.85 67 
Open sea IMR 1 10 1.54 8.7 151 1.04 13 124 
station BMP 10 1.49 5.4 146 1.06 12 126 
LL 9 NBW 1 10 1.58 10 155 1.52 11 180 
BMP 10 1.48 14 145 1.27 15 151 
WL 1 10 1.63 6.1 160 0.99 15 118 
BMP 10 1.55 12 152 0.77 16 92 
FIN- 
LAND 1 30 1.58 8.4 155 1.18 24 140 
BMP 30 1.50 11 148 1.03 25 122 
SOI 1 10 0.20 46 20 0.36 19 43 
HS 1 10 0.17 41 17 0.31 21 37 
USSR 1 20 0.18 43 18 0.34 20 40 
TOTAL 1 50 1.02 69 0.84 56 
IZBX)  1 5 0.78 25 0.9 6.4 
2 5 0.65 28 0.6 21 
X)These values are not comparable and, therefore, not included in 
total. 
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4.3.2 Total number of counting units 
Station Tvärminne 
In each laboratory the variation of the total number of counting 
units in the parallel samples was small (Fig. 1). The CV % varied 
between 9 and 17 %. However, the difference between the Finnish and 
the Soviet laboratories was highly significant. 
In the Finnish laboratories the mean of the total number of count- 
ing units was 3.42 + 0.55 x 106/dm3 with their own methods and 3.05 + 
0.58 	106/dm3 with the BMP method (Table 1). As was expected, the 
BMP method gave a mean that was 11 % smaller. 
There were significant differences between the Finnish laboratories 
both in the means of the total number of units given by their own 
methods and in those given by the BMP method. The variation was of the 
same magnitude with the routine and BMP methods. 
In the Soviet laboratories the total number of counting units was 
7.59 + 0.83 x 106/dm3. The CV % was ca. 10. There was no significant 
difference between the Soviet laboratories. 
Station LL 9 
In the Finnish laboratories the variation of the total number of 
counting units in the parallel samples was smaller than at Tvärminne. 
In the Soviet laboratories the variation was greater than at Tvärminne. 
In the Finnish laboratories the mean of the total number of units 
was 1.58 + 0.13 x 106/dm3 with their own methods and 1.50 + 0.16 x 
106/dm3 with the BMP method. The values of the BMP method were 5 % 
smaller than the values of their own methods. The CV % was 5-14. 
No significant differences occurred in the means of the total 
number of units either between the two methods or between the 
laboratories. No difference in the variance of the parallel samples 
was found. 
In the Soviet laboratories HS and SOI the mean of the total number 
of units was 0.18 + 0.08 x 106/dm3, and the CV % was 40 and 46. No 
significant difference between the laboratories was found. 
In the Soviet laboratory IZB the mean of the total number of 
units varied between 0.5 and 1.0 x 106/dm3 with the Utermöhl technique 
and between 0.4 and 0.9 x 106/dm3 with the Goryayev chamber. 
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4.3.3 Total biomass 
The difference in the total biomass between the Finnish and the Soviet 
laboratories was highly significant at both stations. The variation 
of the biomass between the Finnish laboratories was greater than the 
variation of the total number of counting units. 
Station Tvärminne 
In the Finnish laboratories the mean of the total biomass was 1.27 + 
0.34 mg/dm3 with their own methods and 1.07 + 0.42 mg/dm3 with 
the BMP method. The latter method gave a ca. 16 % smaller mean. 
The CV % varied between 8 and 32. A significant difference was found 
between the laboratories and in the variance of the parallel 
subsamples. 
In the Soviet laboratories the mean of the total biomass was 
0.24 + 0.07 mg/dm3. The CV % was 23 and 33. No difference between the 
Soviet laboratories was found. The mean biomass was ca. 20 % of the 
corresponding mean value of the Finnish laboratories. 
Station LL 9 
In the Finnish laboratories the mean of the total biomass was 1.18 + 
0.28 mg/dm3 with their own methods and 1.03 + 0.26 mg/dm3 with the 
BMP method. The latter method gave a ca. 13 % smaller mean. The CV % 
varied between 11 and 16. There were highly significant differences 
between the Finnish laboratories with both their own methods and the 
BMP method. 
In  the Soviet laboratories HS and SOI the mean of the total 
biomass was 0.34 + 0.07 mg/dm3 and the CV % was 19 and 21. There was 
no difference between the Soviet laboratories. The mean biomass was 
30 % of the corresponding mean value of the Finnish laboratories. 
In the Soviet laboratory IZB the mean of the total biomass was 
0.9 mg/dm3 and the CV % 6.4 using the Utermöhl technique. Using 
the Goryayev chamber the corresponding values were 0.6 mg/dm3  
and 21 %. 
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Fig. 1. Phyytoplankton results (total number of counting units, 
106/dm3 and biomass, mg/dm3) of each laboratory and method. 
Means of subsamples, their standard deviations (®--) and 
coefficients of variation, CV %, (*). 
4.3.4 The reasons for the differences between the results of the 
laboratories 
Station Tvärminne 
The differences in the total number of counting units between the 
Finnish laboratories were small (Table 1, Fig. 1), though statistically 
significant. There was no difference between the results of the IMR 
and the WL, but these differed somewhat from the results of the NBW. 
Differences were found for the group Flagellata and for Pyramimonas 
sp. A minor difference was caused by the small, centric diatom 
Thalassiosira sp. (Table 2). There was also a small difference in the 
number of cryptomonads. 
The differences in the total number of counting units between 
the Soviet laboratories were caused by differences in the counting 
procedure and in the counting chambers. 
The differences between the results of the counts made at the 
50 	cv x 
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Table 2. Number of counting units of some species, means (103/dm3, x) 
and coefficient of variation (CV %) in parallel subsamples 
(n = 10). 1 = routine method of each laboratory. 
Station Tvärminne 
Finnish laboratories Soviet laboratories 
Species Method 
L+iR% 
x 	CV% 
NBW% 
x 	CV% 
WL% 
x 	CV% 
SOI 	x) 
x 	CV% 
BS 
x 
Achroonema sp. 1 107 21 148 21 257 12 7678 10 - 
BMP 114 26 147 25 199 27 
Aphanizomenon flos- 1 34 57 35 60 48 47 14 65 17 
aquae BMP 29 70 - - 33 66 
Cryptomonas sp. total 1 657 14 447 15 532 15 
BMP 698 15 438 23 544 17 
Dinophysis acuminate 1 1.7 36 1.2 44 1.2 211 2,4 63 3,0 
BMP 1,6 27 1.6 45 1.2 19 
Beterocapsa triquetra 1 4.7 90 8,5 40 3.4 138 5.2 77 
BMP 6.6 84 - - 1.1 31 
Pyramimonas sp. total 1 638 18 1149 22 795 15 
BMP 670 11 1159 26 733 10 
Bhizosolenia minima 1 18 46 16 64 48 53 11 39 8.3 
BMP - 56 30 
Thalassiosira sp. 1 259 26 30 82 235 28 188 15 1.3 
BMP 233 28 - 249 23 
Flagellata (incl, 1 1014 19 1704 20 1047 25 6.4 60 3.7 
Chrysochromulina sp.) BMP 941 22 1725 21 952 19 
x)calculated from the standard deviation of the volume 
Table 3. Number of counting units of some species, means (103/dm3, x) 
and coefficient of variation (CV %) in parallel subsamples 
(n = 10 or IZB 5). 1 = routine method of each laboratory. 
Station LL 9 
Finnish laboratories Soviet laboratories 
Species Method 
M11% 
x CV% 
NBW 
x CV% 
WL 
x CV% 
SOI 
x 
,,fS 
CV% 	x 	Method 
IZB 
x CV% 
Aphanizomenon flos- 1 105 44 132 24 149 25 66 60 88 1 131 15 
aquae BMP 112 13 119 19 116 43 2 117 18 
Anabaena lemmermannii 1 1.9 55 5.7 84 2.1 118 0.4 - 
BMP 2.2 44 4.3 66 0.8 37 
Cryptomonas sp. total 1 803 11 670 16 734 13 1 424  25 
BMP 811. 8.3 584 26 772 10 2 370 28 
Pyramimonae sp. total 1 257 20 	, 397 8.3 290 14 1 204 41 
BMP 255 13 407 18 284 16 2 152 54 
Flagellata (incl, 1 338  8.4 372 48 400 19 69 42 
Chrysochromulina sp.) BMP 295 12 284 44 377 26 
Dinophysis aouminata 1 0.3 45 1.5 60 4.1 109 3.2 77 4.8 
BMP 0.4 50 2.0 53 1.8 21  
x)  calculated from the standard deviation of the volume, 
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Finnish and the Soviet laboratories were mainly caused by the diffe-
rent numbers obtained for flagellates. Flagellates dominated in the 
samples of the Finnish laboratories but were sparse in the samples of 
the Soviet laboratories. The differences are probably due to the 
markedly diverging methods and to the preservative used. The Soviet 
laboratories used formalin as preservative, which destroys fragile 
flagellates (Hällfors et al. 1979). 
The differences between the biomass values of the Finnish labora-
tories were due to the different mean volumes used for the species. 
The difference in the results of the routine and BMP methods at the 
NBW was mainly caused by Aphanizomenon fZos-aquae and at the WL by 
dinoflagellates, mainly Oblea rotunda. These sparsely occurring 
species were counted with a x 40 objective. As their cell volumes 
are relatively great, 2 600 tuna and 15 000 um3, respectively, even 
small variations in the number of units cause great variations in the 
biomass. 
The reason for the differences between the Soviet laboratories 
were caused by the different species volumes used (Achroonema sp., 
Aphanizomenon fZos-aquae). 
The differences in the total biomass between the Finnish and the 
Soviet laboratories were due to the different number of units counted 
and were seen even more clearly in the total biomass because diffe-
rent species volumes were used in the laboratories. 
Station LL 9 
There were no differences between the Finnish laboratories in the mean 
of the total number of counting units (Table 1, Fig. 1), but the 
differences between the mean biomasses were as great as at Tvärminne. 
For the NBW and the WL, the BMP method gave a significantly 
smaller mean value than their own routine methods (Table 3). The 
difference in the results of the NBW was caused by an arithmetical 
error. The reason for the difference in the results of the WL was the same 
as at Tvärminne: a few sparsely occurring taxa were counted using a 
x 40 objective and even small variations in the number of units 
cause great variations in the biomass. Such taxa were Gomphosphaeria 
sp. (colony) , 4 400 1am3, Nodularia spumigena 7 000 A.un3, Dinophysis 
acuminata 23 000 pm3  and Gonyaulax grindleyi 23 000 pm3. 
The reason for the differences in the total biomass between the 
Soviet laboratories were caused by the different counting procedures, 
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different counting chambers and different species volumes used. 
The differences in the results between the two methods used by 
IZB were partly due to the too small volume of the subsamples, 10 cm3  
for the Utermöhl technique and 150 cm3 for counting in the Goryayev 
chamber. The dominating small flagellates were somewhat deformed or 
ruptured and thus difficult to recognize and count. Moreover, the 
Goryayev chamber is not suitable for counting large phytoplankton 
species. 
The differences between the Finnish and the Soviet laboratories 
were caused by the diverging number of units counted and the different 
species volumes used. 
4.4 Conclusions 
The differences between the three Finnish laboratories were relatively 
small, as were also the differences between two of the Soviet 
laboratories. However, the results of the third Soviet laboratory 
were not comparable with those of the other two. This is due to the 
fact that the samples were stored many months longer before counting 
than at the other laboratories. During storage an essential part of 
the nanoplankton was destroyed. 
Between the Finnish and Soviet laboratories significant differences 
were found in the results. The lack of comparability was probably due 
to the different counting and preservation methods and to the use of 
different concepts in species determination. 
The results of the phytoplankton intercalibration study indicate 
that work should be continued on theunification of the phytoplankton 
methods. There is a need for all the laboratories to compare and 
evaluate their counting methods. Intercalibration of the species 
concept is another essential step in the work of unifying the 
phytoplankton methods. 
The simplified counting method recommended by the Guidelines for 
the Baltic Monitoring Programme (Interim Helsinki Commission 1978) 
was tested on the same material by the Finnish laboratories. When this 
method was used no significant differences were found in the results 
between the three laboratories. The results obtained by the BMP method 
and the routine method did not differ notably in two laboratories. 
The difference in the results in the third laboratory was caused by 
the fact that only one magnification was used in the routine method 
of this laboratory. 
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5. 	CHLOROPHYLL a 
Juha-Markku Leppänenl, Larissa Melnikova2, Valli Porgasaar3 and 
Gösta Tamelander 
Abstract 
The chlorophyll a results showed that the precision of the measure-
ments was good in all the laboratories and that the measuring instru-
ments were well calibrated. The results were of the same order of 
magnitude, but comparable only at concentrations of 1-4 mg/m3. The 
differences found show the need for further unification of the 
procedures. 
5.1 Introduction 
The aim of the chlorophyll a intercalibration study was to compare 
the results of different laboratories involved in monitoring the 
Gulf of Finland. 
The institutions participating were as follows: the Institute of 
Marine Research, Helsinki (IMR), the Institute of Zoology and Botany, 
Academy of Sciences of the Estonian SSR, Tartu (IZB) and the Hydro-
meteorological Service, Tallinn (HMS). 
The laboratories used their own standard methods and equipment, 
which thus differed in many details. 
Only the final chlorophyll a values were compared and not the 
different steps of the methods. 
1 Institute of Marine Research, Helsinki 
2 Hydrometeorological Service, Tallinn 
3 Institute of Zoology and Botany, Tartu 
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5.2 	Sampling 
The sampling stations were LL 9 (2 m, 15 m) in the open Gulf Fin-
land, Tvärminne Storfjärd (2 m, 15 m) and Ekenäs Stadsfjärd (surface 
only) in the archipelago zone. 
About 300 dm3 of water was taken from each depth and kept mixed 
with compressed air during subsampling. The subsamples for each 
participating laboratory were taken in 10 dm3 plastic bottles. 
5.3 Methods 
Institute of Marine Research, Helsinki (IMR) 
20 parallel samples (sample volume 100 cm3) from each depth were 
filtered in subbued light immediately after subsampling. The filter 
type was Whatman GF/C (active diameter 15 mm). The suction pressure 
was about 40 kPa. No MgCO3 suspension was added. 
The filters were allowed to dry on clean filter paper at room 
temperature in total darkness. Half of the filters were analyzed 
immediately on board according to the routine method of the IMR, and 
the rest were deepfrozen in tin foil for later analysis. 
After drying each filter was transferred to a glass tube and 10 
cm3 of 90 % acetone was added. The tubes were closed and shaken in 
order to crush the filters. Homogenization was carried out with an 
ultrasonic bath. 
The extraction time was 2 hours at room temperature in total dark-
ness, after which the extract was refiltered using Whatman GF/C. 
The amount of chlorophyll a was measured with a Turner 110 fluoro-
meter and calculated as described by the Baltic Marine Biologists 
(BMB) (Edler 1979). The fluorometer was calibrated with a Coleman 55 
spectrophotometer (bandwidth 2nm). For spectrophotometric calculation 
the equation of atrickland & Parsons (1972) was used. 
The deep-frozen samples were analyzed one week later using the 
technique described above. No MgCO3 suspension was added. 
Institute of Zoology and Botany, Academy of Sciences of the Estonian 
SSR, Tartu (IZB) 
The samples were filtered in subdued light immediately after subsamp-
ling. Whatman GF/C filters (active diameter 35 mm) were used. The 
suction pressure did not exeed 60 kPa. 3 cm3 of 1 % MgCO3 suspension 
was added to the filters at the end of filtration. 
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The filters were allowed to dry on clean filter paper at room 
temperature. After drying they were wrapped in tin foil and stored 
deep-frozen at -20°C. No filters were analyzed on board. 
During transport to the laboratory in Tartu the filters were kept 
in a thermos flask with ice. In the laboratory the filters were 
stored in a freezer (-15°C) in a desiccator with silica gel. 
The samples were analyzed one week after sampling: The filters 
were transferred to plastic centrifuge tubes, about 3 cm3 of 90 % 
acetone was added and the sample was homogenized for 2-3 min with a 3 teflon homogenizer. The total volume of acetone was 7 cm . The 
filters were extracted during ca. 20 h in a refrigerator (+10°C). 
The tubes were shaken and centrifuged at 5 000 - 6 000 rpm for 15-20 
min. 
The concentration of chlorophyll a was measured using a spectro-
photometer (SF-26) with a bandwidth of 2 nm, The concentration of 
chlorophyll a was calculated according to the equation of Strickland 
and Parsons (1972). 
Hydrometeorological Service, Tallinn (HMS) 
Ten parallel samples ( 1 dm3) were analyzed from each depth and 
station. 3 cm3 MgCO suspension was added to each water sample. The 
samples were filtered in subdued light with an Orgglass Zetz filtering 
apparatus and a vacuum pump at 50 kPa suction perssure. Sympor No.3 
membrane filters (active diameter 35 mm) were used. The filters were 
dried in a desiccator with KOH and later with silica gel. The 
filters were wrapped in tin foil and stored deep-frozen. 
The samples were analyzed one week after sampling: Each filter 
was transferred to a glass tube and 3 cm3 of 90 % acetone was added. 
Each filter was homogenized (crushed) with a glass stick and the 
samples were transferred to a dark place for 10 - 15 min. 
The extract was transferred to a graduated centrifuge tube. The 
tubes were shaken and then centrifuged for 10 min at 6 000 rpm. 
The amount of chlorophyll a was measured using a spectrophoto-
meter (SF-14) with a bandwidth of 2 nm. 90 % acetone was used as 
reference. Calculations were made according to the equations of 
Strickland and Parsons (1972). 
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Intercalibration of measuring instruments 
In order to compare the calibration of the measuring instruments, 
each laboratory measured the concentration of a stable, pure 
chlorophyll a solution. The solution was pure chlorophyll a (made by 
SIGMA) dissolved in 90 % acetone. 
5.4 Results and discussion 
Table 1. The results obtained by the laboratories for each depth and 
sampling station. Mean values of measurements as mg/m3 (x),ranges, 
standard deviations (SD), coefficients of variation (CV %) and number 
of samples (n). 
Station IMR IMR 
(deep 
frozen) 
IZB 
(deep 
frozen) 
HMS 
(deep 
frozen) 
Grand 
means 
LI, 9, 	2 m 
y 
range 
SD 
CV ui, 
n 
3.6 
3.3-3.9 
0.17 
5 
10 
4.0 
3.6-4.5 
0.29 
7 
8 
3.3 
3.2-3.5 
0.11 
3 
10 
4.4 
4.0-4.6 
0.20 
4 
10 
3.8 
0.46 
12 
38 
LI, 9, 	15 m 
x 1.3 1.2 1.3 1.3 
range 1.2-1.4 1.1-1.3 1.2-1.5 
SD 0.09 0.07 0.10 0.10 
CV i~ 7 6 8 8 
n 10 9 10 29 
Tvärminne, 
X 
2 m 
3.5 3.2 3.2 4.5 3.6 
range 3.0-4.2 3.0-3.6 2.9-3.4 3.2-5.0 
SD 0.38 0.17 0.16 0.55 0.64 
CV å 11 5 5 12 18 
n 10 9 10 10 39 
Tvärminne, 
x 
15 m 
1.5 1.9 1.7 1.8 
range 1.6-2.0 1.6-2.5 1.7-1.8 
SD 0.15 0.25 0.04 0.18 
CV % 8 13 2 10 
n 10 10 10 30 
Ekenäs, surface 
x 4.9 4.4 3.8 6.4 4.9 
range 4.4-5.1 4.3-5.1 3.5-5.1 5.6-7.5 
SD 0.23 0.24 0.20 0.56 1.81 
CV % 5 5 5 9 20 n 9 9 10 9 37 
~ 
1 2 3 4 
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The highest concentrations of chlorophyll a were measured by HMS 
and on average the lowest were measured by IZB (Table 1, Fig. 1), 
2m 	 15m 
TVÄRMINNE 
15m  
EKENAS 
1 2 3 4 
Chl-a 
mg/m' 
	
LL9 
1 2 3 4 
1 2 3 
1 2 3 
Fig. 1. Mean chlorophyll a concentrations (mg/m3) and standard 
deviations for the parallel samples of the participating 
laboratories from the different sampling stations. The middle 
horizontal line for each station indicates the grand mean 
and the shaded area indicates its 95 % confidence limits. 
1 = IMR (extracted on board), 2 = IMR (deep-frozen), 3 = 
IZB (deep-frozen), 4 = HMS (deep-frozen). 
The differences from the grand means varied as follows HMS: + 15 
to + 31 %® IZB:O to - 22 %; deep-frozen samples of IMR: - 11 to - 6 
%; samples of IMR analyzed on board: - 5 to + 6 %. 
The variation of the parallel samples of each laboratory was small. 
The mean coefficient of variation for IZB was 5 %, for IMR 7 % and 
for HMS 8 %. 
IZB obtained 1.0 pg/dm3, and HMS and IMR 1>l pg/dm3 for the concen-
tration of the pure chlorophyll a solution. 
The precision of the measurements was good. Strickland and Parsons 
(1972) state that the precision of the spectrophotometric method at 
the 5 pg level lies in the range: mean of n detemdnations  0.26 ✓n pg 
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of chlorophyll å. For the flourometric method the precision 
is stated to be better than 8 %. The high CV % values in the samples 
of IMR at Tvärminne may be due to the uneven distribution of blue-
green algae in the samples (cf. Barinova et al. 1980, Table 2.), 
whose effect may be more pronounced in small samples (100 cm3, IMR) 
than in samples of 1 dm3. 
The differences between the laboratories were tested with the 
F-test (Table 2). 
Table 2. Analyses of variance: F-values and levels of significance 
of differences between the laboratories. Levels of signifi-
cance: xx = 0.01 % level, x = 5 % level and 0 = 10 % level. 
Station IZB/IMR/HMS 	IZB/IMR 
LL 9, 2 m 
LL 9, 15 m 
Tvärminne, 2 m 
Tvärminne, 15 m 
Ekenäs, surface 
61.673xxx 
30.053xxx 
99.271xxx  
27.718xxx  
3.693x  
3.220°  
3.404x  
63.552xxx  
The results of HMS differed most significantly from the others 
and were at a distinctly higher level. 
The differences between IZB and IMR were tested with the t-test. 
The differences were most significant for the samples with high con-
centrations of chlorophyll a (Table 3). 
Table 3. t-values and probabilit levels of differences between 
laboratories and methods. xxx = difference significant at 
the 0.01 % level, xx = 1 % level, x = 5 % level, and 0 = 
10 % level. 
IMR, extr. on board/ IMR, extr. on board/ IMR, deep-frozen 
Stations 	IMR, deep-frozen 	IZB, deep-frozen 	IZB, deep-frozen 
LL 9, 2 m 	3.442xx  
LL 9, 15 m 2.107xx  
Tvärminne, 2 m 	1.639 
Tvärminne, 15 m 	0.218 
Ekenäs, surface 	3.135xx  
4.983xxx  
0.914 
2.233xx  
3.299xx  
11.341xxx  
7.032xxx  
2.929xx  
0.836 
2.249xx  
7.690xxx  
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The differences between the samples of IZB and the samples of 
IMR extracted on board were significant at the 0,1 % level at Ekenäs 
and LL 9, 2 m® at the 1 - 5 % level at Tvärminne. The differences 
between the deep-frozen samples of IMR and the samples extracted on 
board were significant at LL 9 and Ekenäs at the 1 - 5 % level® at 
Tvärminne no statistical difference was found. However, the differ-
ences between the samples of IZB (deep-frozen) and the deep-frozen 
samples of IMR were in most cases significabt. The smallness of the 
differences between the results for the pure chlorophyll a solution 
suggests accurate calibration of the measuring instruments. However, 
the results point to a systematic difference between the participating 
laboratories when natural phytoplankton samples are measured. As re-
gards IZB and IMR, this is probably due to different extraction times 
and instrumentation. The higher chlorophyll a concentrations obtained 
by HMS compared with the other laboratories may be due not only to 
different instrumentation, but also to differences in the retention 
characteristics of membrane and glass-fibre filters (cf. Smetacek 
1971) . 
Despite the statistically significant difference between IZB and 
IMR, the chlorophylle a concentrations of the parallel samples were 
of the same order of magnitude. The samples at the concentration level 
1 - 4 mg/m3 were well comparable. At a higher level the difference 
was more pronounced. The results of HMS were distinctly higher than 
those of IZB and IMR. 
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6. MACROZOOBENTHOS 
Ann-Britt Andersin1 , Arvi Järvekulg2, Julius Lassig1 , Henrik Sandler1 , 
Ado Seire2 and Raili Varmo3  
Abstract 
Comparisons were made of different sieving techniques and different 
sampling gear used in macrofauna investigations in the GuZf of Fin-
land. Methods for wet weight determinations were also compared. 
The comparison of the sieving techniques showed that the compara-
bility of the results obtained with 1 mm sieves was poor. When ad-
ditional finer sieves (0.5 mm) were used the comparability was very 
good for the amphipods Pontoporeia femorata and P. affinis, which 
together made up about 95 % of the total macrofauna abundance of the 
investigated community. 
In the comparison between a van Veen grab and a modified Petersen 
grab the results differed only slightly, the van Veen grab being 
somewhat more efficient for the most abundant species, P. affinis. 
The comparability of wet weight determinations made at different 
laboratories was found to be poor. These should be replaced by deter-
minations of dry weight or ashfree dry weight. 
6.1 Introduction 
The aim of this macrofauna intercalibration was to determine the 
comparability of the results of different laboratories involved in 
the biological monitoring of the Gulf of Finland. As all the 
participants used identical van Veen grabs made by the Keturi metal 
workshop, Helsinki, it was not felt necessary to compare the effi-
ciency of these grabs and attention was concentrated on the influ-
ence of differences in the sieving methods. 
Marine Research, Helsinki 1 Institute of 
2 Institute of Zoology and Botany, Tartu 
3 Helsinki City Water Laboratory, Helsinki 
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In addition, a modified Petersen grab, normally used by the 
Soviet laboratory on shallow bottoms, was compared with the van Veen 
grab. The methods for the wet weight determinations were also 
compared. 
The laboratories participating in the intercalibration of the 
sieving and weighing methods were the Institute of Marine Research 
(IMR), the Helsinki City Water Laboratory (WL) and the Institute 
of Zoology and Botany of the Academy of Sciences of the Estonian 
S.S.R. (IZB). Only IMR and IZB participated in the comparison of the 
grabs. 
6.2 Material and methods 
6.2.1 Sampling 
The sampling was carried out at Tvärminne Storfjärd (coastal area I, 
cf. p.6 ). The depth at the sampling site was 34.5 m. The bottom 
consisted of soft dark mud mixed with detritus. The macrobenthos 
community in this area was dominated by the amphipods Pontoporeia 
femorata and P. affinis. 
For the comparison of the sieving methods 30 samples were taken 
with the van Veen grab of the IMR. For the comparison of the van Veen 
and Petersen grabs 10 additional samples were taken with the modified 
Petersen grab of the IZB (for data on the grabs, see Table 1). After 
every 10 samples the ship was moved, to avoid digging in the same 
places. 
The van Veen samples were divided between the laboratories by 
lot (see Annex 1), and each laboratory sieved their samples ac-
cording to their own standard method. 
As all the laboratories used identical van Veen grabs, the 
material of only one laboratory could be used to represent the van 
Veen grab in the comparison of the grabs. The material of the IMR was 
used for this purpose, and the Petersen material (IZB grab) was 
sieved according to the method of the IMR in order to exclude the 
influence of different sieving techniques on the results. 
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Table 1. Data on the van Veen grab and the modified Petersen grab. 
van Veen 	Petersen 
Biting area 	1 120 cm2 264 cm2  
Weight 22 kg 	11 kg 
Volume 22 1 4 1 
% of upper area 	47 % 14 % 
covered by net 
6.2.2 Sieving 
Institute of Marine Research 
The sieves were rectangular and made of stainless steel, and the 
mesh sizes were 1 mm and 0.5 mm. The sieving area was about 2 400 cm2. 
The samples were suspended with water, and small portions of 
sediment-water suspension were poured on the sieves and washed with 
a gentle water jet. In the 1 mm sieve the sieving residue with the 
animals was gently flushed into a corner of the sieve, and the rest 
of the sieve was thoroughly cleaned before a new portion of sediment-
water suspension was poured on the sieves. When the whole sample had 
been sieved, the sieving residue of the 1 mm sieve, including the 
animals, was washed into a jar and preserved. The 0.5 mm fraction was 
gently washed and then flushed into a corner of the sieve and finally 
washed into a jar and preserved. The entire sieving procedure took 
20-30 minutes per sample. 
Helsinki City Water Laboratory 
The sieves were otherwise the same as in the set of the IMR, but the 
sieving area was only about 1 200 cm2, 
The samples were suspensed with water, and small portions of the 
sediment-water suspension were poured on the sieves and washed with 
a gentle water jet. When the sediment had been rinsed a new portion 
of sediment-water suspension was poured on the sieves. In contrast to 
the method of the IMR, the sieves were not cleaned between the 
pourings. When the whole sample had been sieved, the sieving residue 
of the 1 mm fraction, including the animals, was washed into a jar 
and preserved. The 0.5 mm fraction was gently washed and then flushed 
into a corner of the sieve and finally washed into a jar and preserved, 
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The entire sieving procedure took 30-45 minutes per sample. 
Institute of Zoology and Botany of the Academy of Sciences of the 
Estonian S.S.R. 
The sieving set consisted of two bags of plankton net. The mesh size 
of the inner bag was 1 mm and of the outer bag 0.45 mm. The 
rectangular opening of the bags was 20.5 x 20.5 cm, and the total net 
area of each bag was about 3 000 cm2. 
The samples were suspended with water, and portions of sediment-
water suspension were poured into the sieving bags and washed with a 
gentle water jet. When the sediment had been sieved and the residue 
rinsed to the bottom of the 1 mm bag, a new portion of sediment-water 
suspension was poured into the sieving set. A sample was mostly poured 
in 2-3 water-sediment portions. When the whole sample had been sieved 
the sieving residues of both fractions were picked with tweezers into 
jars and preserved. The entire sieving procedure took 10-15 minutes 
per sample. 
6.2.3 Sorting 
All the samples were preserved in 4 % formalin (= 2 % formaldehyde) 
buffered with hexamine. 
Each laboratory sorted the van Veen samples they had sieved. The 
IZB laboratory sorted the Petersen samples. 
Abundance and biomass (formalin wet weight) were determined for 
the different species in the samples. Biomass determinations were 
obligatory only for the macrofauna species. 
In order to elucidate possible differences in the abundance values 
the size distribution was determined for the most abundant species, 
Pontoporeia affinis. 
For the comparison of the weighing methods the biomasses of the 
different size classes of Pontoporeia affinis were determined sepa-
rately. 
In all the laboratories the 1 mm fraction was sorted by ocular 
examination. The finer fraction was sorted under a stereomicroscope. 
The IMR and the WL used 6 x as the standard magnification and the IZB 
16 x. The size of the animals was measured with an ocular micrometer 
in all the laboratories. The IMR and the WL divided the Pontoporeia 
affinis material of each sample into 8 subsamples with a sample 
- 35 - 
splitter of the type described by Elmgren (1973), and measured only 
3/8 of each sample. The IZB laboratory measured all the specimens 
from both the van Veen and Petersen samples. 
6.2.4 Statistical treatment 
The results were compared with the analysis of variance and the t-
test. As the samples were small and practically none of the species 
were normally distributed, these commonly used parametric tests were 
complemented with the non-parametric Kruskal-Wallis test and the Mann-
Whitney U-test (Conover 1971). The results of the non-parametric and 
parametric tests agreed well, and thus only the results of the anal-
ysis of variance and the t-test are reported. Meiofauna species, and 
macrofauna species represented by fewer than 10 specimens per sample 
were not compared statistically. The size distributions were tested 
as percentage values with the Chi -square test. 
6.3 Results 
Comparison of the sieving methods 
The species composition can be considered the same in the different 
sets of results. Altogether 10 taxa were recorded (Table 2), but the 
community consisted of only 6 species, viz. Halicryptus spinulosus, 
Harmothoe sarsi, Mesidotea entomon, Pontoporeia femorata, P. affinis 
and Macoma baltica. These were recorded in all the sampling series. 
The other taxa recorded do not belong to this macrobenthic infauna 
community. 
When the abundance values of the 1 mm fractions were compared 
clear differences were found in the values for the two dominant 
species, Pontoporeia affinis and P. femorata, and thus also in the 
total values (Table 3). The values of the WL were significantly 
higher than those of the two other laboratories, while the differences 
between the IMR and the IZB were not significant. 
When the results for the coarse and fine fractions were pooled, 
the three laboratories had very similar values for the abundance of 
the two Pontoporeia species and the total abundance (Table 3). 
Halicryptus spinulosus occurred in significantly greater numbers in 
the samples of the IZB than in the samples of the two other labora-
tories. Harmothoe sarsi was most abundant in the material of the IMR, 
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Species lab. 
Abundance, 
1 mm 
X 	SD 
ind./m2  
1 + 0.5 mm 
X 	SD 
Biomass (wet weight), g/m2  
1 mm 	1 + 0.5 mm 
X 	SD X 	SD 
Halicryptus spinulosus IMR 24 110 48 0.02 0.01 WL 4 5 81 27 + 0.03 0.01 IZB - 210 55 - 0.04 0.02 
Harmothoe sarsi IMR 237 40 611 119 1.19 0.27 1.23 0.27 WL 237 47 494 75 1.41 0.35 1.46 0.35 IZB 209 52 526 170 0.96 0.31 1.04 0.33 
Oligochaeta sp. IMR 1 3 1 3 + IZB - 2 4 - + 
Mysidae sp. WL 5 7 5 7 IZB 4 6 4 8 0.03 0.04 
Mesidotea entomon IMR 10 10 10 10 14.96 20.29 14.96 20.29 WL 8 6 8 6 10.57 12.10 10.57 12.10 IZB 13 15 13 15 27.03 37.27 27.03 37.27 
Jaera sp. IZB - 1 3 - + 
Pontoporeia femorata IMR 596 121 1209 149 1.90 0.37 2.09 0.38 WL 980 142 1166 127 2.96 0.57 3.04 0.57 IZB 636 100 1205 188 2.16 0.45 2.45 0.50 
P. affinis IMR 7687 949 13604 1522 36.41 3.76 39.02 3.81 WL 11740 851 12946 869 52=78 3.56 	- 53,64 3.58 IZB 8480 1155 13562 1477 44.05 5.29 47.37 5.52 
Chironomidae sp. IMR 1 3 1 3 + + 
Macoma baltica IMR 5  11 + WL 3 5 5 6 0.62 1.77 0.62 1.77 IZB 1 3 7 7 0.65 2.06 0.65 2.06 
Total IMR 8531 1050 15558 1660 54.37 20.64 57.31 20.50 WL 12972 941 14706 942 68.35 11.84 69.39 12.10 IZB 9343 1264 1530 1800 74.88 36.07 78.60 68.36 
Total exclusive 39.42 3.90 42.36 3.97 
Mesidotea entomon 57.78 4.00 58.81 4.21 47.86 6.36 51.56 6.52 
Meiofauna: 
Ostracoda IMR - 66 67 WL 1 2.9 68 46 IZB - 477 95 
Turbellaria IZB 3 4.3 7 7 
Nematoda IMR 4 11 WL 43 123.1 
Copepod, WL 4 6.3 6 10 
Table 2. Abundance and biomass values determined from samples sieved 
according to different methods. IMR = Institute of Marine 
Research, WL = Helsinki City Water Laboratory, IZB = Institute 
of Zoology and Botany of the Academy of Sciences of the 
Estonian S.S.R. 
but the difference was significant only between the results of the 
IMR and the WL, (See also Annex 1). 
Comparison of the van Veen and Petersen grabs 
The species composition in the Petersen material was the same as in 
the van Veen materials (cf. p. 35), the total number of macrofauna 
(taxa) recorded being 9 (Table 4), 6 of them belonging to the infauna 
community proper. 
Species lab. 
X SD 
1 mm fraction 
var. 	t 
IMR 
WL 
- test 
IMP 
I'ZB 
WI 
IWB 
% 
1 	+ 	0.5 
SD 
(0.45)  
var. 
mm fractions 
t - test 
IMR 	IMR 
WL ME 
WI 
IWB 
Halicryptus spinulosus IMR + 0.002 0.001 10 no 1 10 
WL + 0.003 0.002 
IZB - 0.005 0.002 
Harmothoe sarsi IMR 0.133 0.030 10 no 10 1 0.134 0.030 10 10 10 1 
WL 0.158 0.039 0.164 0.040 
IZB 0.108 0.035 0.116 0.037 
Pontoporeia femorata IMR 0.213 0.042 0.1 0.1 no 0.1 0.234 0.042 0.1 0.1 0.1 10 
WL 0.331 0,064 0.340 0.064 
IZB 0.242 0.050 0.274 0.056 
P. affinis IMR 4.078 0.421 0.1 0.1 0.1 0.1 3.370 0.427 0.1 0.1 0.1 1 
WI 5.911 0.399 6.002 0.401 
IZB 4.934 0.593 5.305 0.619 
Total IMR 6.089 2.312 no 10 no no 6.419 2.296 no no nb no WL 7.656 1.326 7.771 1.355 
IZB 8.387 4.040 8.803 7.656 
Total, exclusive IMR 4.415 0.437 0.1 0.1 1 0.1 4.744 0.455 10 0.1 0.1 1 
Mesidotea entomon WL 6.471 0.448 6.587 0.471 
IZB 5.360 0.712 5.775 0.730 
Table 3. Comparison of the abundance values (var. = analysis of variance and t-test) obtained 
with different sieving methods. (Abbreviations of the participating laboratories as in Table 2). 
Species +grab • X 
Abundance,ind./m2  
1 mm 
SD 	t-test 	X 
1 	+ 0.5 mm 
SD 	t-teet X 
Biomass 
1 mm 
SD 
(wet weight),g/m2  
t-test 	X 
1 	+ 0.5 mm 
SD 	t-test 
Halicryptus van Veen _ 	2 4 110 48 1 0.020 0.010 5 
soinulosus Petersen 231 102 0.068 0.056 
Harmothoe sarsi van Veen Petersen 237 22.3 
40 
70 
no 611 
458 
119 140 
5 1.190 2.210 
0.270 
1.090 
10 1.230 
2.273 
0.270 
1.098 
5 
Oligochaeta SD. van Veen 1 3 1 3 
Petersen - 4 
Mysidae ep. Petersen 4 6 4 6 
Mesidotea entomon van Veen 10 10 10 10 14.960 20.290 14.960 20.290 
Petersen 23 23 40.967 82.824 40.967 82.824 
Pontoporeia femo- van Veen 596 121 5 1209 149 no 1.906 0.370 1 2.090 0.380 no 
rata Petersen 807 241 1197 387 3.010 0.913 3.207 0.951 
Pontoporeia van Veen 7687 949 no 13604 1522 5 36.410 3.760 5 39.020 3.810 no 
affinis Petersen 7731 1125 11882 1560 42.340 7.121 45.107 7.371 
Chironomidae sp. van Veen 1 3 1 3 
Petersen - - 
Macoma baltica. van Veen - 5 11 Petersen 4 4 2.646 2.646 
Total van Veen 8537 1050 no 15558 1660 10 54.370 20.640 no 57.310 20.500 no Petersen 8766 1199 13799 1870 91.136 80.514 94.235 80.590 
Total 	exclusive van Veen 39.420 3.902 5 82.357 8.062 5 
Mesidotea entomon Petersen 50.245 10.274 53.302 10.168 
Heiofauna: 
Ostracoda sn. van Veen - - 66 67 
Petersen - - 80 63 
Table 4. Comparison of abundance and biomass values for samples taken with the van Veen grab and the modified Petersen grab. 
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The abundance values of the 1 mm fraction were similar, except 
for Pontoporeia femorata, which was significantly more abundant in the 
Petersen samples (Table 4). When the pooled values were compared, 
however, no significant difference could be observed for P. femorata, 
while P. affinis and Harmothoe sarsi occurred in significantly 
greater numbers in the van Veen material, and HaZicryptus spinuZosus 
was significantly more abundant in the Petersen material. 
Comparison of the weighing methods 
In principle all the laboratories used the same method for determining 
the formalin wet weight. Before weighing the animals were dried on 
blotting paper till all external water was removed. All the participants 
used balances with an accuracy of 0.1 mg, and the weighing was done 
in closed weighing vessels. 
The big and motile isopod Mesidotea entomon generally occurs in 
low densities. It will thus occur irregularly in the samples and 
strongly affect the biomass values when present. When this species 
was excluded from the results, the highest biomass values in rela-
tion to the abundance were obtained by the WL, and the lowest by the 
IMR (Table 2). (See also Annex 2). 
In order to compare the biomass determinations of the laboratories, 
the different size classes of Pontoporeia affinis were weighed sep-
arately, and the average weight of an individual was calculated for 
each size class. The values of the IMR were consistently the lowest, 
and the values of the WL the highest, while the values of the IZB 
were intermediate (Fig. 1). The dispersion of the values was small in 
the measurements of all the laboratories, except for the largest 
specimens, which occurred in very low numbers. 
The correlations of the total abundance values of the two 
Pontoporeia species (pooled fractions with similar size distributions 
and almost the same abundance values) with their biomass values showed 
the same differences between the laboratories, i.e. the values of the 
IMR were the lowest and those of the WL the highest (Figs. 2, 3). 
6.4 Discussion 
Comparison of the sieving methods 
When the pooled fractions were compared, the division of Pontoporeia 
affinis into size classes showed that the population structure was 
w
et
 w
e i
gh
t,  
m
g  
- 40 - 
Pontoporeia affinis 	 IZB 
4 	5 	6 	7 
animal size, length in mm 
Fig. 1. The average weight of different-sized Pontoporeia affinis 
individuals, with mean and standard deviation (vertical 
lines), in 10 samples. (Abbreviations of the participating 
laboratories as in Table 2). 
similar in all three sets of samples (Fig. 4). The comparison of the 
1 mm fractions, which had significantly different abundance values, 
showed remarkably different size distributions (Fig. 4). The size 
distributions were not tested statistically, since one laboratory 
used a somewhat different division into mm classes. Instead, the 
distributions into year classes were tested (Table 5). When the 1 mm 
fractions were compared, significant differences were obtained 
between all three sets of results, while no differences were obtained 
when the pooled fractions were compared. In the material of the IMR 
about 75 	of the 0-year class of Pontoporeia affinis specimens 
slipped through the 1 mm sieve, while the corresponding value for the 
6.5- 
6.0 
5.0en - 
4.5- 
4.0- 
Pontoporeia affinis 
	 0 
- 41 - 
A 
WL = 0 
3.5- 
3.0 	 I 	 I 
1100 1200 	1300 	1400 	1500 	1800 	1700 1800 
number of Individuals 
Fig. 2. Relationship between wet weight and abundance of Pontoporeia 
affinis. (Abbreviations of the participating laboratories as 
in Table 2). 
WL was only 16 % and for the IZB 34 %. It is thus obvious that the 
differences in the abundance values of this species in the 1 mm 
fractions were caused by differences in the sieving techniques, i.e. 
the cleaning of the sieves during the sieving procedure, and the 
size of the sieving area (para 6.2.2).Comparison of the size 
distributions of P. femorata, determined by the IMR and the WL 
pointed to a similar conclusion (Fig. 5). 
As Harmothoe sarsi occurred in significantly higher numbers in 
the material of the IMR than in the material of the WL (Table 2) 
these two laboratories decided to determine the size distribution of 
this species also (Fig. 6). Although the number of small specimens 
(1 + 2 mm) was higher in the material of the IMR, this difference 
100 110 120 130 140 150 160 170 180 
number of individuals 
190 200 
IMR=A 
WL=O 
IZB =• 
1 
0 
X+SD 
+ 0.5 mm fractions 
1 	2 
X+SD 	X+SD 
58 	2.8 28 2.2 14 2.1 
57 	2.7 28 2.1 15 1.9 
59 	1.9 26 1.5 15 1.5 
1 + 0.5 mm fractions 
A 
Year class 	0 
X + SD 
1 mm fractions 
2 
X+SD 	X+SD 
SMR 	26 5.3 	49 4.5 	25 3.5 
IZB 	34 8.5 	Sa 7.3 	6 2.5 
B 
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Pontoporeia femorata 
Fig. 3. Relationship between wet weight and abundance of Pontoporeia 
femorata. (Abbreviations of the participating laboratories as 
in Table 2). 
Table 5. Percentage distribution of the different year classes of 
Pontoporeia affinis. A = comparison of the sieving methods 
(Abbreviations of the participating laboratories as in 
Table 2), B = comparison of the van Veen grab and the 
modified Petersen grab. 
Year class 	0 	1 	2 	 0 	1 	2 
	
X+SD 	X+SD 	X+SD 
van Veen 	26 5.3 	49 4.5 	25 3.5 	58 2.8 	28 2.2 	14 2.1 
Petersen 31 5.0 	52 3.5 	17 3.4 	55 4.0 	34 3.1 	11 2.3 
50 
40 
30 
20 
10 
40 
30 
20 
10 
2 3 4 5 6 7 8 9 10 11 12 
IZB 
1 2 3 4 5 6 7 8 9 
length mm 
1 2 3 4 5 6 7 8 9 10 11 12 
40 
30 
20 
10 
1 2 3 4 5 
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Pontoporeia affinis 
1 mm fraction 1+0,5mm fraction 
Fig. 4. The percentage size distribution of Pontoporeia affinis in 
samples sieved according to different methods. The vertical 
lines on the top of the bars indicate the standard deviation. 
(Abbreviations of the participating laboratories as in Table 
2). 
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1 mm fraction 
I MR 
WL WL 
~ 
Fig. 5. The percentage size distribution of Pontoporeia femorata in 
samples sieved according to the methods of the IMR and the 
WL. (Abbreviations of the participating laboratories as in 
Table 2). 
was not significant, owing to the great dispersion of the data 
(Table 6). Animals greater than 2 mm occurred in significantly higher 
numbers in the material of the IMR. It seems probable that the 
difference observed for Harmothoe sarsi was not caused by a difference 
in the sieving technique, but by the uneven distribution of this 
species on the bottom. 
1 2 3 4 5 6 7 
leng h mm 
15 	1 2 3 4 5 6 7 8 9 
length mm 
8 9 10 11 12 13 14 11 12 13 14 15 
1*0,5 mm fraction 
IMR 
1mm fraction 
IMR 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
50 
1mm  fraction 
WL 
1+0,5mm fraction 
WL 
10 
20 
10 
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Harmothoe sarsi 
Fig. 6. The percentage size distribution of Harmothoe sarsi in 
samples sieved according to the methods of the IMR and 
the WL. (Abbreviations of the participating laboratories 
as in Table 2). 
Table 6. The number of small (1+2 mm)and big (>2 mm) Harmothoe 
sarsi specimens per sample in the materials of the IMR and 
the WL. 
(pooled) ind./sample 
1 + 2 mm 	> 2 mm 
SD 	X 	SD 
IMR 	41.2 11.9 27.2 4.0 
WL 33.6 6.9 21.7 4.9 
t-test no 	5 % 
trend 
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The size of the HaZicryptus spinulosus specimens, which were more 
abundant in the material of the IZB than in that of the two other 
laboratories, was not measured. Practically all of them were young 
individuals occurring in the finer sieves (cf. Table 2). In the 
material of the IZB about 50 % were reported to be larvae of stage 
II (according to the definition of Purasjoki 1944). The IMR and the 
WL rinsed their samples with tap water on a small 0.5-mm sieve before 
sorting and most probably part of the larvae of stage II slipped 
through this sieve. Furthermore it is possible that the IMR and the 
WL overlooked these small-sized individuals (about 0.5 mm) because of 
the lower magnification used in sorting (6 x vs. 16 x). The somewhat 
smaller mesh size of the finer sieve of the IZB (cf. p.34 ) cannot have 
caused this difference since the number of HaZicryptus specimens was 
as high in the Petersen material sieved by the IMR and sorted by the 
IZB (Table 4) as in the van Veen material sieved and sorted by the IZB 
(Table 2). 
The explanation of the higher number of ostracods in the material 
of the IZB is most probably the same as that of the higher number of 
Halicryptus larvae in that material, i.e. the rinsing of the samples 
before sorting by the IMR and the WL, and the greater magnification 
used by the IZB. The high number of nematodes in the material of the 
WL is explained by the occurrence in one sample of a piece of clinker 
with many nematodes attached to it. 
Comparison of the van Veen and Petersen grabs 
The most reliable assessment of the efficiency of the grabs is obtained 
when only the pooled fractions are compared. 
No clear difference was found between the two grabs in the 
efficiency of sampling different-sized Pontoporeia affinis individuals 
(Fig. 7). The proportion of the 0 year class was somewhat higher in the 
van Veen material (Table 5), but this difference was not significant. 
Harmothoe sarsi seems to be unevenly distributed on the bottom 
(see p.44 ), and it is thus difficult to judge whether the differences 
in the abundance values are due to this or to differences in the 
sampling efficiency of the two grabs. 
The abundance values of HaZicryptus spinulosus in the Petersen 
material, sieved by the IMR but sorted by the IZB were about twice 
those in the van Veen material sieved and sorted by the IMR (Table 4). 
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Pontoporeia affinis 
van Veen grab 
1mm fraction 
7 12 11 10 8 6 9 
length mm 
1 2 3 4 5 
length mm 
Petersen grab 
Fig. 7. The percentage size distribution of Pontoporeia affinis in 
samples taken with the van Veen and modified Petersen grabs. 
This difference is most probably caused by differences in the sorting 
and not by differences in the grabs. The Petersen material was sorted 
by the IZB, and thus the larvae of stage II, which accounted for about 
50 % of the abundance of this species, were also recorded (cf. p.46 ). 
Comparison of the weighing methods 
Although the weighing methods were in principle the same, the results 
differed considerably. The main reason for the differences was the 
drying time before weighing, which was subjectively determined. In 
this intercalibration the drying time was longest for the IMR and 
shortest for the WL. Within each laboratory the dispersion of the 
weighings was very small (Fig. 1.). 
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The considerable differences in biomass values found when the 
sieving techniques and the grabs were compared (Tables 2, 4) were thus 
caused by differences in the weighing techniques rather than by the 
different abundance values. 
6.5 Conclusions 
The results of this and other intercalibration studies of the methods 
used to investigate the macrozoobenthos in the Baltic Sea (Ankar et 
al. 1978, Ankar et al. 1979) show that it is difficult directly to 
combine the results from different investigations. These studies 
have, however, revealed which steps in the methods are mainly re-
sponsible for differences in the results and they offer the hope 
that it may be possible to obtain comparable results in the future. 
The comparability of the results seems to be mainly impaired by 
differences in the construction of the grabs and in the sieving 
technique. Both this and other studies (Ankar et al. 1978, Ankar et 
al. 1979, Andersin & Sandler in press) show that the grabs should be 
almost identical to obtain fully comparable results under all 
conditions. 
That differing sieving methods can cause marked differences in the 
results is clearly shown in both this and an earlier study (Ankar et 
al. 1979). This methodological step is very difficult to standardize 
as the main difficulty generally lies in the subjective handling of 
the samples rather than in different sieving devices. One possible 
way to eliminate or at least diminish the influence of different 
sieving methods on the results might be to change the present 
definition of the macrofauna given by the Baltic Marine Biologists 
(BMB) (Dybern et al. 1976) - "animals retained on a 1 mm sieve" to 
"species retained at some stage of their development on a clean 1 mm 
sieve". This or some other theoretical definition should be used to 
prepare a list of the species regarded as macrofauna in Baltic 
monitoring programmes. In order to sample these species quantitatively 
at any time of the year, a sieve with a smaller mesh size should be 
used in addition to the 1-mm sieve. If larval stages are excluded a 
mesh size of 0.5 mm is small enough, at least in the open parts of the 
northern Baltic proper, the Gulf of Finland and the Gulf of 
Bothnia. 
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The intercalibration of the wet weight determinations showed, as 
was indicated by the results of an earlier study (Ankar et al. 1979), 
that wet weight determinations made at different laboratories are 
often not comparable. The main reason for this is variation in the 
subjectively determined drying time before weighing. 
The results of this and other studies (Ankar et al. 1979, 
Järvekulg, Lagzdins ® Parele, Zmudzinski unpublished) show that to 
achieve comparable biomass values determinations of wet weight should 
be replaced by dry weights or ashfree dry weights. 
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Annex 1. Comparison of the sieving methods. Abundance for the 
macrofauna species. 
1 mm fraction , 
Sample no. IMR 4 5 7 17 18 19 20 24 25 26 
WL 3 6 11 12 15 16 21 27 28 29 A SD 
Species IZB 1 2 8 9 10 13 14 22 23 30 
Halicryptus spinulosus IMR - 1- - - 1 - - - + + 
WL - - 1 1 1 - - - 1 - - 	+ 1 
IZB - - - - - - - - - - - 
Harmothoe sarsi IMR 28 34 33 21 25 23 25 22 25 29 27 4 
WL 34 28 27 16 24 29 26 28 33 21 27 5 
IZB 16 28 22 29 28 33 23 16 18 21 23 6 
Mesidotea entomon IMR 2 1 3 2 - 2 1 - - 1 1 1 
WL 1 - 1 2 1 - 1 2 - 1 1 1 
IZB 3 1 - - 4 - 1 - 4 2 2 2 
Pontoporeia femorata IMR 63 88 56 52 77 59 84 64 49 75 67 14 
WL 102 78 112 97 111 113 138 122 118 107 110 16 
IZB 77 64 54 77 65 91 79 61 64 80 71 11 
P. affinis IMR 992 919 857 695 887 838 864 806 719 1032 861 107 
WL 1346 1383 1324 1120 1256 1351 1458 1303 1383 1225 1315 95 
IZB 1073 882 712 988 1041 1178 931 846 926 921 950 129 
Others IMR - - - - - - 2- - - + 1 
WL 1 - 1 - 1 2 - - 2 3 1 1 
IZB 2 - - 1 - - 2 - - - + + 
Total IMR 1085 1043 949 770 989 922 977 892 793 1137 956 118 
WL 1484 1489 1466 1236 1394 1495 1623 1455 1537 1357 1454 105 
IZB 1171 975 788 1095 1138 1302 1036 923 1012 1024 1046 142 
1 	+ 0.5 mm fractions 
Sample no. IMR 4 5 7 17 18 19 20 24 25 26 
WL 3 6 11 12 15 16 21 27 28. 29 7 SD 
Species IZB 1 2 8 9 10 13 14 22 23 30 
Halicryptus spinulosus IMR 13 21 7 6 7 16 20 10 14 9 12 5 
' WL 5 8 13 11 11 4 10 7 12 10 9 3 
IZB 24 28 19 34 26 27 15 26 22 14 24 6 
Harmothoe sarsi IMR 84 59 82 49 63 63 65 60 67 92 68 13 
WL 60 68 62 44 47 56 61 48 61 46 55 8 
IZB 51 72 55 72 73 95 55 34 48 35 59 19 
Mesidotea entomon IMR 2 1 3 2 - 2 1 - - - 1 1 
WL 1 - 1 2 1 - 1 2 - 1 1 11 
IZB 3 1 - 4 - 1 - 4 2 , 	2 2 
Pontoporeia femorata IMR 120 164 115 117 160 130 137 131 140 140 135 17 
WL 114 107  131 120 139 131 156 143 133 132 131 14 
IZB 130 124 161 164 138 152 149 112 106 114 135 21 
P. affinis IMR 1676 1705 1546 1222 1519 1407 1489 1544 1346 1783 1524 171 
WL 1405 1546 1482 1225 1388 1484 1547 1421 1470 1532 1450 97 
IZB 1521 1389 1631 1756 1678 1690 1521 1357 1363 1283 1519 166 
Others IMR - 4 - - - 1 - 1 - - 1 
WL 1 - 1 1 1 3 - 1 2 3 1 
IZB 2 1 2 3 1 - - - 1 2 1 
Tötal IMR 1895 1954 1753 1396 1749 1619 1712 1746 1567 2024 1742 186 
WL 1586 1729 1690 1403 1587  1678 1775 1622 1678 1724 1647 106 
ZBI 1731 1615 1868 2029 1920 1964 1741 1529 1544 1450 1739 201 
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Annex 2. Comparison of the sieving methods, Biomass values (wet 
1 mm fraction 
Sample no. - 
Species 
weight) for the macrofauna species. 
IP'Rt 	4 	5 	7 	17 	18 	19 	20 WL 3 6 11 	12 15 16 21 IZB 	1 	2 	8 9 	10 	13 	14 
24 27 22 
25 28 
23 
26 
29 30 7 SD 
Halicryptus spinulosus 
Harmothoe sarsi 
Mesidotea entomon 
Pontoporeia femorata 
P. 	affinis 
Others 
Total 
Total, exclusive Mesidotea entomon 
1 + 0.5 mm fractions 
Sample no. 
Species _ 	 
	
IMR 	- 
WL - IZB 	- 
IMR 	0.105 
WL 	0.221 IZB 	- 	0.097 
IMR 	1.641 WI 	3.060 
IZB 	4.787 
IMR 	0.193 WI 	0.265 IZB 	0.215 
IMR 	4.177 WL 	5.292 IZB 	5.229 
IMR 	- 
WL 	0.006 IZB 	0.745 
IMR 	6.115 WL 	8.843 IZB 	11.073 
IMR 	4.474 WL 	5.783 IZB 	6.286 
IMR 	4 u2 3 
IZB 	1 
0.001 - 
0.162 0.18 0.120 
0.001 - 1.148 
0.278 
0.237 
0.219 
4.604 6.213 
4.950 
- - 
- 
4.945 6.631 
6.437 
4.944 6.631 
5.289 
5 6 2 
- 0.001 
- 
0.153 0.179 0.060 
6.438 0.260 
- 
0.174 
0.338 0.235 
4.351 5.723 4.301 
- 0.058 ~ 
- 
11.117 
6.559 4.596 
4.679 
6.299 4.596 
7 11 8 
- 0.001 
- 
0.120 0.088 0.130 
4.913 1.203 
- 
0.184 0.255 
0.319 
3.495 5.298 
6.123 
- - 0.008 
8.711 
6.844 6.580 
3.799 
5.641 6.580 
17 12 9 
- 0.001 
- 
0.096 
0.175 0.113 
- 1.284 
7.093 
0.259 0.332 
0.200 
4.128 6.027 
5.421 
. 	~ 	- 0.001 - 
4.483 7.818 12.827 
4.483 6.531 
5.734 
18 
15 10 
- - 
- 
0.141 0.146, 0.184 
1~.470 - - 
0.154 0.388 0.310 
3.999 
5.954 5.212 
- 0.001 - 
5.764 6.489 - 5.706 
4-294 6.489 5.706 
19 16 
13 
0.001 - 
0.086 0.193 0.121 
0.284 0.151 
1.175 
0.263 0.362 0.283 
3.961 6.209 
4.754 
0.001 - 0.013 
4.596 6.916 6.346 
4.312 6.764 5.171 
20 21 
14 
- 	- - 	0.002 
- 
0.158 	0.137 0.142 	0.119 0.067 	0.084 
- 	. 	- 
2.348 - - 	12.694 
0.195 	0.205 0.396 	0.426 0.266 	0.210 
3.972 	3.390 6.194 	6.484 4.602 	4.073 
- 	- - 	0.012 
- - 
4.324 	3.732 9.079 	7.043 4.935 	17.061 
4.324 	3.732 6.731 	7.043 
4,935 	4.367 
24 	25 
27 28 22 	23 
_ 
- 
0.174 0.134 0.102 
2.000 
3.530 3.372 
0,230 0.306 
0.167 
4.702 
5.719 
4.670 
0.644 - 
7.107 10.333 8.311 
5.107 6.803 
4.939 
29 30  
26  
+ 
0.001 
- 
0.133 0.158 0.108 
1.675 1.184 
3.027 
0.213 0.331 0.242 
4.078 
5.911 4.934 
+ 0.072 0.077 
6.089 
7.656 8.387 
4.415 6.471 
5.360 
X 
+ 
+ 
- 
0.030 
0.039 0.035 
2.272 
1.355 4.174 
0.042 0.064 0.050 
0.421 
0.399 
0.593 
- 0.202 
0.235 
2.312 1.326 
4.040 
0.437 
0.448 0.712 
SD 
Halioryntus spinulosus 
Harmothoe sarsi 
Mesidotea entomon 
Pontoporeia femorata 
P. affinis 
Others 
Total 
Total, exclusive 
Mesidotea entomon 
IMR VIL 
IZB 
IMR WL IZB 
IMR WL 
IZB 
IMR WL 
IZB 
IMR WL IZB 
IMR WL IZB 
IMR WL IZB 
IMR WL IZB 
0.002 0.002 
0.003 
0.110 
0.225 0.103 
1.641 
3.060 
4.787 
0.211 0.270 
0.237 
4.457 
5.324 5.489 
0.006 
0.745 
6.420 8.886 11.364 
4.779 
5.826 6.577 
0.003 0.002 
0.003 
0.164 0.190 0.130 
0.001 - 
1.148 
0.297 0.250 0.248 
4.980 6.321 5.289 
0.001 
- + 
5.445 6.762 6.818 
5.444 6.762 
5.670 
0.002 0.003 0.006 
0.159 0.186 0.070 
6.438 0.260 
- 
0.192 
0.347 0.289 
4.690 5.838 
4.910 
- 0.058 0.001 
11.480 
6.692 
5.276 
5.042 6.432 
5.276 
0.001: 0.005 
0.009 
0.123 0.092 
0.140 
4.913 1.203 
- 
0.203 0.265 0.360 
3.745 5.375 6.597 
- - 0.012 
8.985 6.940 7.118 
4.072 5.737 7.118 
0.002 
0.004 0.006 
0.101 0.181 0.125 
- 1.284 
7.093 
0.283 0.348 
0.238 
4.472 6.134 
5.853 
- 0.001 + 
4.857 7.952 13.315 
4.857 6.668 6.222 
0.002 0.001 
0.005 
0.147 0.152 0.197 
1.470 
0.176 
0.395 0.339 
4.265 6.038 
5.527 
0.001 0.001 - 
6.060 
6.587 6.068 
4.590 6.587 6.068 
0.004 
0.001 0.002 
0.090 0.200 
0.129 
0.284 0.151 
1.175 
0.281 0.372 0.326 
4.261 6.284 
5.178 
0.001 
- 0.013 
4.921 7.008 
6.823 
4.637 6.857 5.648 
0.002 0.002 
0.004 
0.161 
0.146 0.072 
2.348 
0.214 
0.406 0.291 
4.256 6.272 
4.946 
0.001 
4.634 
9.174 5.313 
4.634 6.826 
5.313 
0.002 
0.005 0.004 
0.141 0.124 
0.092 
- 
12.694 
0.236 
0.433 0.230 
3.693 6.541 
4.325 
0.012 
4.072 
7.115 
17.345 
4.072 7.115 4.651 
0.004 
0.005 0.003 
0.1180 
0.139 0.105 
2.000 
3.530 
3.372 
0.252 
0.318 0.186 
4.881 
5.962 4.921 
0.644 
7.316 
10.597 8.587 
5.316 7.067 5.215 
0.002 
0.003 0.005 
0.137 0.164 0.116 
1.675 1.184 
3.027 
0.234 0.340 0.274 
4.370 6.009 
5.305 
0.072 0.077 
6.419 
7.771 8.803 
4.744 
6.587 5.775 
0.001 
0.002 0.002 
0.030 0.040 
0.037 
2.272 
1.355 
4.174 
0.042 0.064 0.056 
0.427 0.401 0.619 
0.202 
0.235 
2.2.96 
1.355 7.656 
0.455 0.471 0.730 
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7. VIABLE AEROBIC MESOPHILIC BACTERIA ANALYSES 
S.P. Barinoval, R. Raud2, I. Rinne3, A. Saava2  
Abstract 
The colony counts obtained after 2 days differed relatively little 
between the three laboratories, but the counts obtained after 2 weeks 
and the increasses in the number of colonies during 22 days differed 
considerably. This was due to the use of different counting methods 
and media. The spread plate counts were higher than the corresponding 
pour plate counts. The laboratories that added NaCZ or sea-salt to 
both the nutriend agar and the dilution water obtained higher counts 
than the laboratory that did not add these substances. 
7.1 Introduction 
Enumeration of viable aerobic mesophilic bacteria can give preliminary 
information on the structure of bacterial populations, provided it is 
accompanied by determinations of various relevant biotic and abiotic 
parameters. Consequently, such counts are best used in ecological 
studies (Brock 1971, Overbeck 1974). 
Saprophytic bacteria participate in the decomposition of organic 
matter, which provides the nutrients required by this group of bacteria. 
They are considered to be more sensitive indicators of pollution by 
domestic wastes than the chemical characteristics of the water. The 
dynamics of their development is used as an indirect indicator of the 
presence of easily oxidizable organic matter in water (DratZov 1964; 
Kors 1969; Tamm and Saava (in press) ). 
The reliable measurement of bacterial pollution in seawater has 
been, and still is, a great challenge for marine microbiologists. The 
results of the analyses are closely dependent upon the methods in use. 
They can also be affected by contamination of the seawater during 
sampling, storage or analysis. 
The plate counting method remains an acceptable alternative tool 
1 State Oceanographic Institute, Moscow 
2 Tallinn Polytechnical Institute, Tallinn 
3 Helsinki City Water Laboratory, Helsinki 
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in routine marine microbiology and is suitable for pilot studies. 
However, it must be kept in mind that the colonies developing on 
solid media represent only a minor fraction of the bacterial popu-
lations revealed by direct microscopic counts (Korn 1969; Zimmermann 
and Meyer-Rail 1974). 
The detection and estimation of the numbers of viable aerobic 
mesophilic bacteria whose optimal temperature is 20 °C was included 
in the programme of joint studies on the Gulf of Finland in 1978. 
Since no intercalibration had taken place earlier between the labo-
ratories in Finland and the USSR making bacterial analyses on the 
water of the Gulf of Finland, a comparative study was organized as a 
bilateral project in 1978. 
The aim of the intercalibration exercise was to determine whether 
different laboratories (researchers) working mostly under identical 
conditions, but applying their own procedures and equipment, could 
obtain the same values in seawater analysis. 
Participating laboratories and researchers: 
Finland 
Helsinki City Public Works Deparment 
Water Laboratory (WL), I. Rinne 
USSR 
State Oceanographic Institute, Moskow (SOI), S.P. Barinova 
Tallinn Polytechnical Institute (TPI), R. Raud, A. Saava 
The intercalibration samples were counted by I. Rinne (WL), S.P. 
Barinova (SOI) and R. Raud (TPI). 
7.2 Material and methods 
7.2.1 Sampling 
On the morning of August 16 the participants went in a motor-boat 
to collect field samples for the analysis of aerobic mesophilic bac-
teria. A sample was taken at each of two stations by I. Rinne from 
the surface layer (0.5 m). A simplified 2-litre sampler was used. The 
volume of water taken was sufficient to provide each participant with 
subsamples. 
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The stations were chosen in the coastal area near Tammisaari: 
1) station A - at some distance from the Tammisaari sewage outlet® 
2) station B - closer to the sewage outlet. 
Subsampling was carried out immediately after sampling. Each par-
ticipant used his own subsampling bottles and his own rinsing and 
cleaning procedures. Analysis was commenced after the retun, on board 
the R/V Aranda, when the samples were no older than 3 hours. The 
participants were requested to analyse each of the field samples in at 
least three dilutions (10-1, 10-2, 10-3 cm3) and in five replicates 
of each dilution. 
7.2.2 Counting methods 
All the laboratories used the plate counting technique, with some modi-
fications, to detect viable aerobic mesophilic bacteria in the sea-
water samples. 
The methods were: 
WL: The colony count of viable aerobic mesophilic bacteria was made 
according to the Finnish standard SFS 4112. 
Three dilutions (10-1, 10-2, 10-3) were prepared from each sample 
after careful agitation. Sterilized Helsinki tap-water supplemented 
with 5 °/p° NaCl was used as a diluent. Standard plate count agar 
(prepared by Difco) had earlier been dissolved in 5 °/°o NaC1 solution 
and sterilized. The agar was melted and cooled to a temperature of 
about 45 °C before use. 
1 cm3 of each dilution was pipetted into 2 sterile glass Petri dish 
and ca. 10 cm3 of molten agar was added and mixed. Every dilution was 
cultured as five subsamples. The cultures were incubated at room tem-
perature and the counting was performed after 2 days and repeated 
after 2 weeks. 
SOI: The water samples were agitated carefylly and diluted with ster-
itilized Moscow tap-water supplemented with 6 %o sea-salt at room 
temperature. The spread plate technique was used. 
Standard agar medium, produced by Dagestan Research Institute, had 
earlier been dissolved in sterile distilled water and 6 %o of sea-salt 
added. The agar was melted, brought to a temperature of about + 45 °C 
and kept for some time in a water bath. About 10 cm3 aliquots of the 
molten agar medium were poured into sterile glass Petri dishes and 
left to harden. 0.1 cm3 of diluted water sample was pipetted on to the 
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agar surface and spread thoroughly over the agar plate, using a flamed, 
cooled Drigalski palette-knife. 
The incubated plates were covered , inverted and first kept at room 
temperature in darkness on board the R/V Aranda. From the afternoon 
of August 17 to August 19 they were incubated in a thermostat at 20 °C 
at the Research Laboratory of Sanitary Engineering in Tallinn. After-
wards the incubated plates were transported by train to Moscow (18 
hours) and kept in a thermostat at 20 °C at the SOI laboratory; 
The bacterial colonies on the agar plates were counted on the morn-
ing of August 18 (2 days after inoculation) at the TPI Research Lab-
oratory of Sanitary Engineering. The enumeration was repeated on 
August 30 (after 2 weeks) at the SOI laboratory in Moscow. 
TPI: The samples were agitated carefully and three dilutions (10-1, 
10-2, 10-3) were prepared with autoclaved tap-water (chlorinated water 
from Lake Ulemiste). Five replicates of each dilution were processed 
by the pour-plate method. 
Standard agar medium prepared ealier (produced by Dagestan Research 
Institute, dissolved in sterile distilled water) was melted and then 
brought to a temperature of about + 45 °C and kept for some time in a 
water bath. 1 cm3 of appropriately diluted sample was poured into a 
sterile glass Petri dish and about 10 cm3 of molten agar medium was 
added and mixed. 
The inoculated agar plates were first stored on board the R/V 
Aranda at room temperature. From the afternoon of August 17 they were 
incubated in a thermostat at 20 °C at the TPI laboratory. 
Bacterial colonies were counted on the agar plates after 2 days 
(August 18). The counting was repeated after 12 days (August 30). Only 
the plates having the optimal number of bacterial colonies (30...200) 
were taken into account. All the counting was performed by the same 
person (R. Raud), in order to minimize the variables affecting the 
results. 
7.2.3 Statistical treatment 
Simple statistical treatment of the data was carried out. The calcu-
lations were made with the total numbers of colonies counted on the 
Petri dishes. 
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The following parameters were calCulated (Jalasto 1978): 
1) R' - arithmetical mean according to the equation 
x +x +x +... 1 2 3 +xn  
n 
where x1, x7, x3 ... xn are the individual values of the replicates; 
n the number of replicates; 
2) SD - standard deviation according to the equation 
-2 	-2 (x1  -x) +(x2  -x) +...+(xn-X)S
2 
SD = 
n-1 
3) CV - coefficient of variation in % according to the equation 
SD 
CV = 	' 100 % 
The significance of differences in the deviations and mean values was 
evaluated with the F-test and t-test, respectively, being calculated 
as follows: 
(SD) 1  
2 ' N1 = n1-
1 and N2 = n2-1 (SD) 
where N1 and N2 = number of independent variables of distribution of 
replicates. 
= 	1 X
2) n1n2(n1+n2-2) t  2 	2 
1 n1(SD) (SD) 	n1+n2 2 
N = n1+n2-2 
7.3 Results and discussion 
7.3.1 General remarks 
The aim of the intercalibration study was to estimate the overall pre- 
cision of the bacteriological analyses, i.e. the ablity of the partici- 
pating laboratories to obtain comparable data from identical samples. 
The analyses were performed on natural seawater samples the real 
contamination of which was unknown. 
All the data were reported as agreed during the practical inter- 
calibration exercise in August 1978. They are reported in the Annexes. 
F= 
2 
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It must be mentioned that the work on board the ship differed to 
some extent from the habitual optimal working regime at a laboratory 
and suffered from the considerable time limitation. As a result, the 
values reported may not fully represent the ability of the laboratories 
to produce reliable data. 
7.3.2 Number of viable aerobic mesophilic bacteria after 2 days 
Table 1 summarizes the results of the intercalibration counts of viable 
aerobic mesophilic bacteria made after 2 days. It also lists the meth-
ods used by the participants. The mean of replicate data, the standard 
deviation and the coefficient of variation have been calculated for 
each laboratory and sample separately. The mean value having the small-
est coefficient of variation was considered when compiling the final 
results per cm3. Table 2 presents the results of the statistical evalu-
ation of the calculated data. 
The total number of colonies counted after 2 days (per cm3) ranged 
from 250 to 780 for coastal area A, and from 980 to 1400 for area B. 
In each laboratory the variation of the values of the replicates was 
small. The coefficient of variation ranged from 5.0 to 10.3 %. However, 
the WL data for coastal area A made an exception. The differences in 
the deviation of replicates between the laboratories (t-test) were not 
statistically significant. 
Coastal area A. 
The data submitted by the Soviet laboratories - 730 and 780 colonies 
per cm3 - were in fairly close agreement (P<0.001). The CV% were 5.0 
and 10.2 respectively. 
The WL obtained significantly lower counts - 250 colonies per cm3  
and also had the highest variation coefficient. 
Coastal area B. 
The WL and TPI laboratory obtained practically the same total numbers 
of colonies - 980 and 990 per cm3. The CV% were 10.3 and 7.1. The SOI 
laboratory obtained a much higher count - 1400 colonies per cm3 - than 
the others, but its variation coefficient was the smallest - 6.2 %. 
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Table 1. Plate counts of viable aerobic mesophilic bacteria after 2 days 
Station 
Labo- 
ratory Method 
Dilu-
tion 
Volume 
of poured 
dilution, 
cm3  
No. of colonies on 
Perti dish 
Result 
per 
cm3  X SD CV% 
Coastal WL pour 10®1  1 25.2 6.8 27.0 250 
area A plate 10-2  1 5.2 1.9 36.5 - 
10-3  1 1.2 2.2 183 - 
SOI spread 10®1  0.1 7.8 0.8 10.2 780 
plate 10_2  0.1 2.2 0.4 18.2 
TPI pour 10-1  1 73.0 3.5 5.0 730 
plate 10-2  1 6.8 0.8 12.5 
Coastal WL -1pour 10  1 97.8 10.1 10.3 980 
area B plate 10-2  1 8.2 2.6 31.7 - 
10-3  1 2.6 1.3 50.0 - 
SOI spread 
plate 
10-1  0.1 14.4 0.9 6.2 1400 
TPI pour 10-1  1 99.4 7.1 7.1 990 
plate 10-2  1 8.4 2.9 34.5 
Table 2. F-test and t-test values of paired data obtained after 2 days 
by each laboratory for samples A and B 
Paired 	F-test values 	t-test values 
labora- 
tories Sample A Sample B 	Sample A 	Sample B 
WL - SOI 1.38 NS 1.26 NS 10.15 P<0.01 6.26 P<0.01 
WL - TPI 3.77 NS 2.02 NS 12.63 P<0.01 0.16 NS 
SOI - TPI 5.22 NS 1.61 NS 1.15 NS 7.21 P<0.01 
- 59 - 
7.3.3 Number of viable aerobic mesophilic bacteria after 2 weeks 
The colony counts of viable mesophilic bacteria after 2 weeks are 
summarized in Table 3 and evaluated statistically in Table 4. 
Rafe count/6) 
10 
1000 
400 
WL 	Sa 
SAMPLE A 
ip 	W6 
SAMPLE B 
Fig. 1. Plate counts of viable aerobic mesophilic bacteria in seawater 
samples after 2 days (L-._1 ) and 2 weeks ( V;;7). 
The mean values of the colony counts (per cm3) reported for coastal 
areas A and B fell in the ranges of 830 - 5100 and 1000 - 9000, respect-
ively. The coefficient of variation ranged from 5.5 to 7.9 %. The devi-
ations of the replicates did not differ significantly between the 
laboratories. 
Coastal area A. 
No difference was found between the data of the WL and the SOI labora-
tory. The mean colony counts were 5100 per cm3 for the WL and 5000 per 
cm3 for SOI laboratory. The CV% were 6.3 and 7.0. 
The TPI obtained much smaller values than the other laboratories. 
The mean number of colonies counted on the first dilution after 2 days 
was 830 per cm3. The CV% was 5.5. The next dilution gave a 68 %higher 
mean value - 1400 colonies per cm3. The CV% was higher, too - 21. 
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Table 3. Plate counts of viable aerobic mesophilic bacteria after 
2 weeks. 
Station 
Labo- 
ratory Method 
Dilu- Volume 
tion 	of poured 
dilution, 
cm3  
No. 
Petri 
of colonies on 
dish 
Result 
per 
cm3  X SD CVO 
Coastal WL pour 10-2  1 51.0 3.2 6.3 5100 
area A plate 10®3  1 6.8 1.2 17.6 
SOI spread 10-1  0.1 50.0 3.5 7.0 5000 
plate 10-2  0.1 26.8 6.2 23.1 
TPI pour 10-1  1 83.2 4.6 5.5 830 
plate 10-2  1 13.8 2.9 21.0 1400 
10-3  1 17.2 4.9 28.5 
Coastal WL pour 10-2  1 48.8 3.1 6.4 4900 
area B plate 10-3  1 6.8 1.2 17.6 
SOI spread 10-1  0.1 90.4 7.1 7.9 9000 
plate 10-2  0.1 1.8 1.8 100.0 
TPI pour to-1  1 101.0 5.9 5.8 1000 
plate 10-2  1 19.6 1.9 9.7 2000 
10-3  1 1.6 0.6 37.5 
Table 4. F-test and t-test values of paired data obtained after 2 
weeks for samples A and B. 
Paired 	F-test values 	t-test values 
laboratories Sample A Sample B 	Sample A 	Sample B 
WL-SOI 	1.20 NS 	5.25 NS 	0.42 NS 	10.67 P<0.01 
WL-TPI 2.07 NS 	3.62 NS 15.37 P<0.01 	11.78 P<0.01 
SOI-TPI 	1.73 NS 	1.45 NS 	14.55 P<0.01 	17.48 P<0.01 
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Coastal area B. 
Highly significant differences were found in the data obtained by the 
different laboratories. The SOI laboratory count - 9000 per cm3 - was 
the highest, and the counts of the TPI laboratory were the smallest - 
1000 colonies per cm3 in the first dilution and 2000 colonies per cm3  
in the second dilution. The WL count - 4900 colonies per cm3 - was in 
between. The CVO was lower than 10 in all cases. 
7.3.4 Increase in the number of colonies during 12 days 
Table 5 and Fig. 1 show the increases in the colony counts during 12 days 
Table 5. Increase of colony counts during 12 days 
Sample Labo- ratory 
No. of colonies 
after 2 days 
No. of colonies 
after 2 weeks 
Increase of 
colony counts 
A WL 250 5100 4850 or 20.4 x 
SOI 780 5000 4220 or 6.4 x 
TPI 730 830 100 or 1.1 x 
680 1400 720 or 2.1 x 
B WL 980 4900 3920 or 5.0 x 
SOI 1400 9000 7600 or 6.4 x 
TPI 990 1000 10 or 1.0 x 
840 2000 1160 or 2.4 x 
The increase in colony counts varied from 720 to 4850 colonies per 
cm3 (from 2.1 to 20.4 times) for coastal area A and from 1160 to 7600 
colonies per cm3 (from 2.4 to 6.4 times) for coastal area B. There 
were significant differences in the increase of number of colonies 
between the laboratories. 
The WL had the highest increase in colony counts - 4850 per cm3, or 
20.4 times - for coastal area A. The total number of colonies counted 
by the WL after 2 days was the smallest, whereas the counts obtained 
by the WL after 2 weeks were higher than those of the other labora-
tories. This brought about the high increase. The increase in colony 
counts for coastal area B was 3920 per cm3, or 5.0 times. 
- 62 - 
The TPI laboratory had the smallest increases for areas A and B - 
720 and 1160 colonies per cm3, or 2.1 and 2.4 times, respectively. The 
laboratory obtained much smaller total colony counts after 2 weeks 
than the other laboratories. 
The SOI laboratory obtained the same increase - 6.4 times - for the 
two coastal areas, and highest; result for coastal area B - 7600 colonies 
per cm3 . 
7.3.5 The reasons for the differences between the results of the 
laboratories 
In general, the differences in the counts obtained after 2 days were 
small, though statistically significant in some cases. As was expected, 
the agreement between the increases in the number of colonies during 12 
days leaves much to be desired. 
It is difficult upon the basis of the intercalibration data to ident-
ify the main reasons for the disagreement in the results obtained by the 
participating laboratories. However, all the participants were of the 
opinion that the discrepancies may be due to the use of different equip-
ment, methods and media. 
The fact that the SOI laboratory obtained higher results in all 
cases using the spread plate method indicates the advantages of this 
method. Buck and Cleverton (1960) noted that the counts from spread 
plates, were on average about three times as high as those from pour 
plates. P. Väätänen (1976) reported that in the Tvärminne area the 
spread-plate counts of mesophiles were 10 to 60 % higher than the 
corresponding pour-plate counts. He discusses the considerations that 
speak in favour of the spread plate method (Väätänen (in press) ) . Since the 
intercalibration results represent a single determination by that par-
ticular medhod and since different media were used, it was impossible 
to make a statistically significant comparison of the methods used. 
Both the differences in the data obtained after 2 weeks and the 
different increases in the colony counts during 12 days were caused 
by the use of different media. The WL and SOI laboratory, which added 
NaCl or sea-salt to both the nutrient agar and the dilution water, 
obtained high total colony counts after 3 weeks and high increases in 
colony counts. The corresponding results obtained by the TPI laboratory 
without the above additions were much lower. 
It should also be mentioned that a "personal stress factor" affected 
the quality of the results. The following reasons may have been respon-
sible for differences in the results: 
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- first-time participation in the intercalibration work; 
- working conditions different from those at participants home 
laboratories; 
- the relatively high number of analyses scheduled for a limited time. 
7.4 	Conclusions 
The intercalibration measurements confirm that the numbers of viable 
aerobic mesophilic bacteria yielded by the plate count method are not 
directly comparable. The differences are probably caused by the dif-
ferent methods and media. 
The results of the intercalibration exercise indicate the necessity 
to continue the coordination of marine microbiological methods. The 
next intercalibration study ought to be organized only after comparison 
of media. 
Intensive investigations should be made on the various sampling and 
storage procedures presently used by the marine microbiologists, in 
order to be able to recommed the best ones for the joint studies in 
the Gulf of Finland. 
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Annex 1. 
Analyses of viable aerobic mesophilic bacteria 
Results of intercalibrated samples 
Helsinki City 
Water Laboratory (WL) 
Station 
Incubation 	time 
2 days 2 weeks 
Dilutions, 	cm3  
10-1  10®2  10-3 10-1 10-2  10-3  
Coastal 
area A 
X 
SD 
CV% 
16 
26 
31 
21 
32 
2 
6 
5 
7 
6 
5 
0 
0 
0 
1 
over 
If 
69 
74 
55 
43 
30 
53 
11 
1 
14 
4 
4 
25.2 
6.8 
27.0 
5.2 
1.9 
36.5 
1.2 
2.2 
183 
51.0 
3.2 
6.3 
6.8 
1.2 
17.6 
Result 
No./cm3  
250 5100 
Coastal 
area B 
X 
SD 
CV% 
99 
83 
110 
94 
103 
9 
7 
12 
5 
8 
2 
2 
2 
2 
5 
over 
'° 
If 
r. 41 
52 
57 
48 
46 
5 
5 
4 
11 
9 
97.8 
10.1 
10.3 
8.2 
2.6 
31.7 
2.6 
1.3 
50.0 
48.8 
3.1 
6.4 
6.8 
1.2 
17.6 
Result 
3 No./cm 
980 4900 
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Annex 2. 
Analyses of viable aerobic mesophilic bacteria 
Results of intercalibrated samples 
State Oceanographic Institute 	(SOI) 
Station 
Incubation 	time 
2 days 2 weeks 
Dilutions, 	cm3  
10-1  10-2  10-3 10-1 10-2  10-3  
Coastal 8 2 0 52 23 1 
area A 7 2 0 48 27 1 
7 3 0 49 30 0 
9 2 0 46 19 1 
8 2 0 55 35 1 
X 7.8 2.2 50.0 26.8 
SD 0.8 0.4 3.5 6.2 
CV% 10.2 18.2 7.0 23.1 
Result 
3 No./cm 
780 5000 
Coastal 13 1 0 90 1 1 
area B 14 0 0 27 1 1 
15 0 0 90 1 0 
15 0 0 102 5 0 
15 0 0 83 1 0 
X 14.4 90.4 1.8 
SD 0.9 7.1 1.8 
CV% 6.2 7.9 100.0 
Result 1400 9000 
No./cm3  
0.1 cm3 of diluted water samples used for inoculation 
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Annex 3. 
Analyses of viable aerobic mesophilic bacteria 
Results of intercalibrated samples 
Research Laboratory of Sanitary Engineering 
of Tallinn Polytechnical Institute (TPI) 
Incubation 	time 
2 days 2 weeks 
Dilutions, cm3  
10®1  10-2  10-3 10-1  10-2  10-3  
Coastal 78 6 0 83 12 19 
area A 72 7 0 80 17 22 
70 6 1 80 11 9 
70 7 1 - 12 19 
75 8 0 90 17 17 
X 73.0 6.8 83.2 13.8 17.2 
SD 3.5 0.8 4.6 2.9 4.9 
CV% 5.0 12.5 5.5 21.0 28.5 
Result 
3 No./cm 
750 830 1400 
Coastal 89 11 1 95 19 2 
area B 103 10 1 105 21 1 
105 7 0 107 17 2 
95 4 1 97 22 1 
105 10 1 - 19 1 
X 99.4 8.4 101.0 19.6 1.6 
SD 7.1 2.9 5.9 1.9 0.6 
CV% 7.1 34.5 5.8 9.7 37.5 
Result 990 840 1000 2000 
No./cm3  
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8. SANITARY-INDICATOR BACTERIAL ANALYSES 
R. Raudl, I. Rinne2, A. Saava 
Abstract 
The results of the coli bacteria and enterrococci counts were not 
directly comparable between the two countries. The Finnish laboratory 
counted the coliforms, whereas the Soviet laboratory counted oxidase-
negative and lactose-positive coli bacteria. The numbers of oxidase-
negative coli bacteria were higher and the numbers of lactose-positive 
coli bacteria were lower than the numbers of coliforms. The differences 
in the results of the coli bacteria and enterrococci counts between the 
Laboratories were mainly caused by the use of different membrane fil-
ters and media. 
8.1 Introduction 
Coli bacteria and enterococci have been used for years as indicators 
of the occurrence and intensity of fecal contamination in seawater. 
The presence of these bacteria in water is assumed to indicate a poten-
tial health hazard because of their association with a variety of 
pathogenic microorganisms in the gut of warm-blooded animals, in-
cluding man. 
In Finland both bacteria - coliforms and enterococci - serve as a 
microbiological criterion of seawater quality. In the Soviet Union the 
density of the group called coli bacteria is considered to be the 
main reliable indicator of the presence of bacterial pathogens in water. 
The oxidase-negative coli bacteria are used for the evaluation of fresh-
water quality, and the lactose-positive group as indicators of the 
quality of seawater. Enteroccoci have been recommended as additional 
indicators of water contamination. Counts of coli bacteria and entero-
cocci in combination may indicate fecal contamination more accurately 
than counts of only one group of the bacteria. 
1 Tallinn Polytechnical Institute, Tallinn 
2 Helsinki City Water Laboratory, Helsinki 
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Both countries have their own official methods for the determination 
of sanitary-indicator bacteria. The difference in methods renders the 
comparison of results difficult. No comparative study has been carried 
out so far. The purpose of this intercalibration exercise was to com-
pare the results obtained by the laboratories using their own methods. 
Participating laboratories and researchers: 
Finland 
Helsinki City Public Works Department 
Water Laboratory (WL), I. Rinne 
USSR 
Tallinn Polytechnical Institute 
Research Laboratory of Sanitary Engineering (TPI), 
R. Raud, A. Saava 
The samples for the intercalibration study were counted by R. Raund 
(TPI) and I. Rinne (WL). 
8.2 Material and methods 
8.2.1 Sampling 
Seawater samples for the determination of sanitary-indicator bacteria 
were taken on August 16 at the same stations and by the same technique 
as for the analyses of aerobic mesophilic bacteria (see above), but 
specially for this purpose and separately for coli bacteria and for 
enterococci. The analyses were begun after the return, on board the 
R/V Aranda. 
Because of the limited time available, the participants agreed to 
analyse the samples from both stations (A and B) for coli bacteria, 
but only sample A for enterococci. 
8.2.2 Counting methods 
The membrane filtration technique recommended for seawater analyses 
was used by both laboratories. 
The methods were the following: 
WL: Shaken water samples were filtered through presterilized Gelman 
membrane filters (Metricel GN-6, 0 50 mm, pore size 0.45 pm). The 
stainless steel filtering apparatus was presterilized by flaming. Five 
replicate cultures were prepared for each sample volume. 
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The inoculated membranes were placed in plastic Petri dishes 
containing appropriate culture medium. The medium for coliforms was LES 
Endo agar (McCarthy et al. 1961) (Orion Oy) and for fecal streptococci 
both m-enterococcus agar (Slanetz and Bartley 1957) (Orion Oy) and KF 
agar (Kenner et al. 1961) (Difco). The incubation temperature was 
35 °C and the time for coliforms 20 h and for fecal streptococci 48 h. 
At the end of the incubation period all the colonies on LES Endo 
agar with a metallic surface sheen and dark background were counted as 
coliforms. All the colonies on m-enterococcus agar or KF agar were 
counted as fecal streptococci. 
TPI: Vigorously shaken water samples were filterd through membrane 
filters in appropriate volumes using a Seitz filtering apparatus 
presterilized by flaming. Three different volumes of each sample 
(100, 10 and 1 cm3) were processed in five replicates. Synpor filters 
No. 7 (Czechoslovak production) with a diameter of 35 mm and mean pore 
size of 0.3 um were used. The filters were sterilized before use by 
boiling for 30 min in distilled water changed 3-5 times. 
The inoculated membrane filters were placed directly in the pre-
viously prepared Petri dishes. The T. Artemova modification of Endo 
agar was used for the determination of coli bacteria. The dishes were 
incubated at 36 °C for one day on board the R/V Aranda. The filters 
for enterococci were transferred to the modified Slanetz-Bartly agar 
plates and incubated at 36 °C for 48 hours. 
After the required incubation period the coli bacteria membrane 
filters were removed and placed on a circle of ordinary filter paper 
saturated with the oxidase-test solution. After 2-5 min they were 
transferred back to the Endo agar and the counting was commenced. All 
the colonies which did not acquire the blue colour were counted as 
oxidase-negative coli bacteria. The colonies having dark-red colouring 
both with and without a metallic surface sheen were counted as lactose-
positive coli bacteria. 
All the colonies detected on the membrane filters incubated on 
modified Slanetz-Bartly agar for 48 hours were counted as enterococci. 
8.2.3 Statistical treatment 
The statistical treatment was the same as for the data on viable 
aerobic mesophilic bacteria (see above). 
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O'3 Results and discussion 
8.3.1 General remarks 
The aim was to compare the results obtained by the laboratories using 
their own methods and media' The data were reported as agreed during 
the intercalibration study in August 1978 and are presented in the 
Annees. 
0.3'2 Number of coli bacteria 
Table 1. summarizes the results of the coli bacteria analyses. The 
WL counted coliforms, but the TPI laboratory counted oxidase-negative 
and lactose-positive coli baotezia- For each laboratory and sample 
the mean of the replicate data, the standard deviation and the coef-
ficient of variation were calculated. The final results are given as 
numbers of coli bacteria per 1 dm]. Table 2. presents the results of 
the statistical evaluation of these data. 
Table 1. Results of coli bacteria analyses of intercalibrated samples. 
	
Station Labora- Bacteria Volume of No.of colonies on 	Result 
tory 	groups 	filtered 	membrane filter 	per 
detected water 3 l dm 
om~ 	X SD CV% 
133.4 6.1 4.5 13 000 
over - - - 
180.2 20-9 11,6 18 000 
6,8 2.2 32.4 - 
over - - 
77.8 8-0 10.3 7 800 
2.3 1.0 45.4 - 
over - - 
94.0 9.2 9.8 9 400 
over _ 
12.6 4.8 38'I 13 000 
over 
5'8 1.6 27.6 5 800 
Coastal WL 	coliforms 100 	over - - - 
area A lO 
TPI 	oxidase- 	100 
negative 10 
1 
lactose- 	I00 
positive 10 
1 
Coastal WL 	coliforms 100 
area B 10 
TPI 	oxidase- 	10 
negative 1 
lactose- 	10 
positive 1 
- 72 - 
Table 2. F-test and t-test values of paired coli bacteria data 
Paired 	F-test values 	t-test values  
data Sample A 	Sample B 	Sample A 	Sample B 
CF-O(-) 11.74 P<0.05 27.10 P<0.01 4.33 P<0.01 1.32 NS 
CF-L(+) 1.72 NS 3.01 NS 11.12 P<0.01 3.88 P<0.01 
0(-)-L(+) 6.82 P<0.05 9.00 P<0.05 9.22 P<0.01 2.71 P<0.05 
CF - coliforms 
0(-) - oxidase-negative coli bacteria 
L(+) - lactose-positive coli bacteria 
In, the WL the variation of the number of coliforms in the replicates 
was small. The CV% were 4.5 and 9.8 in samples A and B, respectively. 
In the TPI laboratory the variations of both oxidase-negative and 
lactose-positive coli bacteria were greater - the CV% varied between 
10 and 38 %. In both samples the means of the numbers of coli bacteria 
differed significantly between the WL and TPI laboratory, except the 
means of the numbers of coliforms and oxidate-negative coli bacteria in 
sample B. 
In both samples the number of oxidase-negative coli bacteria was 
38 % higher than the number of coliforms counted by the WL, whereas 
the number of lactose-positive coli bacteria was 38 - 40 % lower than 
the number of coliforms. 
The differences between the results of the coli bacteria counts of 
the WL and TPI laboratory were mainly caused by the different media and 
membrane filters used. 
8.3.3 Numbers of enterococci 
The data on the enterococci counts have been summarized in Table 3. As 
can be seen, the agreement of the results was poor. The counts obtained 
by the WL and the TPI laboratory for sample A differed significantly. 
The WL obtained a higher result than the TPI laboratory (250 vs. 90). 
The WL results for sample B obtained using different media (M-entero-
coccus agar and KP-streptococcus agar) also disagreed. 
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Table 3. Results of enterococci analyses of intercalibrated samples 
Station Labo- Type of 	Volume of No. of colonies on Results 
ratory agar 	filterd 3 membrane filter per 
water, cm X 	SD 	CV% 1 dm3  
Coastal WL M-entero- 	100 25.0 	2.6 	10.6 250 
area A coccus 	10 
agar 
2.4 	1.1 	47.5 - 
TPI modified 	100 9.2 	2.4 	26.1 90 
Slanetz- 10 0.8 	0.8 	100.0 
Bartly agar 
Coastal WL M-entero- 	100 11.8 	2.0 	17.4 120 
area B coccus 	10 
agar 
1.2 	1.3 	108.7 - 
KF-strepto- 100 
coccus agar 	10 
5.6 	1.3 	24.0 
0 	- 	- 
60 
The reasons for the differences were the same as in the case of the 
determination of coli bacteria: the use of different membrane filters 
and media. 
8.4 Conclusions 
The differences in the means of the numbers of coli bacteria and 
enterococci between the Finnish (WL) and Soviet (TPI) laboratories 
were relatively small, though statistically significant. The results 
were not directly comparable. The differences are probably caused by 
the different media and membrane filters used. 
The results of this study indicate the necessity to continue to 
coordinate sanitary-bacteriological methods. In a future intercali-
bration study a comparison should be made of the membrane filters and 
media, and after that the counting methods should be compared and 
evaluated. 
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Annex 1 
Numbers of coliform colonies 
Results of intercalibrated samples 
Helsinki City 
Water Laboratory (WL) 
Station 	 Volume of filtered water, cm3  
100 	10 
Coastal 
area A 
X 	 133.4 
SD 6.1 
CV% 4.5 
Result No./l dm3 	13000 
No./100 cm3 1300 
over 
ve 
II 
iv 
av 
136 
128 
137 
126 
140 
Coastal 
area B 
over 
00 
85 
99 
93 
86 
107 
X 	 94.0 
SD 9.2 
CV% 9.8 
Result No./1 dm3 	9400 
No./100 cm3 940 
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Annex 2 
Analyses of oxidase-negative and lactose-positive coli bacteria 
Results of intercalibrated samples 
Research Laboratory of Sanitary Engineering 
of Tallinn Polytechnic Institute (TPI) 
Volume of filtered water, cm 3 
Station 	100 	10 	1 
oxidase- lactose- oxidase- lactose- oxidase- lactose-
negative positive negative positive negative positive 
Coastal over 	over 
area A 	11 
11 	 11 
11 	 11 
11 	 01 
153 	68 	8 	3 
190 75 6 1 
195 	79 	9 	3 
163 77 4 2 
200 	90 	- 
X 
SD 
CV% 
180.2 
20.9 
11.6 
77.8 
8.0 
10.3 
6.8 
2.2 
32.4 
2.2 
1.0 
45.4 
Result No./1 dm3  
No./100 cm3  
18000 
1800 
7800 
780 
6800 
680 
2200 
220 
Coastal 	over 
area B 	11 
II 
II 
over 
ev 
f° 
1° 
over 
11 
11 
11 
II 
over 
°1 
11 
8 
14 
20 
12 
9 
4 
5 
7 
8 
5 
X 12.6 5.8 
SD 4.8 1.6 
CD% 38,1 27.6 
Result No./l dm3 	 13000 	5800 
No./100 cm3 1300 	580 
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Annex 3 
Analyses of enterococci 
Results of intercalibrated samples 
Research Laboratory of Sanitary Engineering 
of Tallinn Polytechnic Institute (TPI) 
Station 
Volume of filtered water 
3 cm 
100 10 
Coastal 13 2 area A 8 1 
7 0 
10 1 
8 0 
9.2 
SD 2.4 
CV% 26.1 
Result No./1 dm3  90 
No./100 cm3  9 
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Annex 4 
Numbers of fecal streptococci colonies 
Results of intercalibrated samples 
Helsinki City 
Water Laboratory (WL) 
Station Media Volume Of filtered water, cm3  
100 10 
Coastal M-enterococcus 26 3 
area A agar 26 2 
24 1 
28 4 
21 2 
X 	25.0 2.4 
SD 2.6 1.1 
CV% 	10.6% 47.5% 
Result No./1 dm3  
No./100 cm3  
250 
25 
Coastal M-enterococcus 10 1 
area B agar 10 0 
12 3 
12 2 
15 0 
X 11.8 1.2 
SD 2.1 1.3 
CV% 17.4% 108.7% 
Result No./1 dm3  120 
No./100 cm3  12 
KF-sterpto- 5 0 
coccus 7 0 
agar 7 0 
5 0 
4 0 
5.6 
SD 	1.3 
CV% 	24.0 
Result No./1 dm3 	60 
No./100 cm3 6 
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